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PEEFACE 


Thb  rapid  progress  Physiology  has  made  within  the  last  few  years 
has  necessitated  somewhat  extensive  alterations  in  the  present 
edition.  The  chapters  dealing  with  the  proteins,  blood  coagulation, 
digestion,  absorption,  respiration,  kidney  function,  and  metabolism 
are  almost  entirely  new.  I  am  much  indebted  to  Mr  J.  Barcroft, 
M.A.,  of  King's  College,  Cambridge,  for  his  valued  help  in  re-writing 
many  portions  of  the  book,  especially  those  relating  to  gaseous 
metabolism.  I  have  also  again  to  thank  Dr  C.  S.  Myers,  M.A., 
Professor  of  Psychology  at  King's  College,  London,  for  assistance  in 
revising  the  account  given  of  the  special  senses,  and  to  Professor 
Arthur  Eobinson,  of  the  University  of  Birmingham,  for  similar  help 
in  connection  with  the  subjects  of  generation  and  development.  A 
good  many  new  illustrations  have  been  introduced,  room  having 
been  made  for  them  by  the  omission  of  some  of  the  old  ones.  Some 
of  the  new  tracings  shown  I  owe  to  the  kindness  of  Professor  Sher- 
rington, F.RS.,  of  the  University  of  Liverpool  Without  the  kind 
co-operation  of  so  many  friends,  it  would  have  been  impossible  for 
me  to  have  brought  out  such  a  complete  revision  of  the  book  within 
the  short  space  of  time  that  has  elapsed  since  the  last  edition  was 
published.  In  spite  of  the  introduction  of  so  much  new  material, 
the  bulk  of  the  volume  has  not  been  materially  increased,  extensive 
excisions  of  what  has  now  become  antiquated  having  also  been  carried 
out.  In  bringing  the  book  up  to  date,  I  have  endeavoured  to 
remember  that  the  main  object  of  the  work  is  to  supply  students 
with  an  elementary  text-book,  although  at  the  same  time  my  aim 
has  been  to  make  it  as  complete  as  possible. 


W.  D.  HALLIBUKTON. 


KixG*8  College,  London. 
1907. 
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BiowGvis  the  science  that  treats  of  living  things,  and  it  is  divided 
into  two  main  branches,  which  are  called  respectively  Morphology 
and  Physiology,  Morphology  m  the  part  of  the  science  that  deaJe 
with  the  form  or  structure  of  living  things,  and  with  the  problems 
of  their  origin  and  distribution.  Physiology,  on  the  other  hand, 
treats  of  their  functions,  that  is,  the  manner  in  which  their  individual 
parts  carry  out  the  processes  of  life.  To  take  an  instance:  the  eye 
and  the  liver  are  two  familiar  examples  of  what  are  called  organs ; 
the  anatomist  studies  the  structure  of  these  organs,  their  shape,  their 
sixe,  the  tissues  of  which  they  are  compoaed,  their  position  in  the 
body,  and  the  variations  in  their  structure  met  with  in  different 
parts  of  the  animal  kingdom.  The  physiologist  studies  their  uses, 
and  seeks  to  explain  how  the  eye  fulfils  the  function  of  vision,  and 
how  the  liver  forms  bile,  and  ministers  to  the  needs  of  the  body  in 
other  ways. 

Each  of  these  two  great  branches  of  biological  science  can  be 
fitrther  subdivided  according  as  to  whether  it  deals  with  the  animal 
or  the  vegetable  kingdom ;  thus  we  get  vegetable  physiology  and 
animal  physiology.  Human  Physiology  is  a  large  and  important 
branch  of  animal  physiology,  and  to  the  student  of  medicine  is 
obviously  the  portion  of  the  science  that  should  interest  Mm  most* 
In  order  to  understand  morbid  or  pathological  processes  it  is  neces- 
"  that  the  normal  or  physiological  functions  should  be  learnt  first 
'Physiology  is  not  a  study  which  can  be  put  aside  and  forgotten  when 
a  certain  examination  has  been  passed ;  it  has  a  most  direct  and 
intimate  bearing  in  its  application  to  the  scientific  and  successful 
investigation  of  disease.  It  wiU  l>e  my  endeavour  throughout  the 
subsequent  pages  of  tMs  book  to  point  out  from  time  to  time  the 
practical  relationships  between  physiology  and  pathology* 
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Human  phyeiology  will  be  our  chief  theme,  but  it  is  not  a  portion 
of  the  great  science  that  can  be  atudied  independently  of  its  other 
portions.  Thug,  many  of  the  experiments  upon  which  our  knowledge 
of  human  physiology  rests  have  been  performed  principally  on  certain 
of  the  lower  animals.  In  order  to  obtain  a  wide  view  of  vital  pro- 
cesses it  will  be  occasionally  necessary  to  go  still  further  afield,  and 
call  the  science  of  vegetable  physiology  to  our  assistance. 

The  study  of  physiology  must  go  hand  in  hand  with  the  study  of 
anatomy.  It  is  impossible  to  miderstand  how  the  body  or  any  part 
of  the  body  a^ts  unless  we  know  accurately  the  structure  of  the 
organs  nnder  consideration.  This  is  especially  true  for  that  portion 
of  anatomy  which  is  called  Microscopic  Anatomy  or  Histology. 
Indeed,  so  close  is  the  relationship  between  minute  structure  and 
function  that  in  this  country  it  is  usual  for  the  teacher  of 
physiology  to  be  also  the  teacher  of  histology*  Another  branch 
of  anatomy,  namely.  Embryology,  or  the  process  of  growth  from 
the  ovum,  falls  also  to  some  extent  within  the  province  of  the 
physiologistt 

But  physiology  is  not  only  intimately  related  in  this  way  to  its 
sister  science  anatomy,  but  the  sciences  of  chemistry  and  physics 
must  also  be  considered.  Indeed,  physiology  has  been  sometimes 
defined  as  the  application  of  the  laws  of  chemistry  and  physics  to 
life.  That  is  to  say,  the  same  laws  that  regulate  the  l>ehaviour  of 
the  mineral  or  inorganic  world  are  also  to  be  found  operating  in  the 
region  of  organic  beings.  If  we  wish  for  an  example  of  this  we  may 
again  go  to  the  eye;  the  branch  of  physics  called  optics  teaches  us, 
among  other  things,  the  manner  in  which  images  of  objects  are  pro- 
duced by  lenses;  these  same  laws  regulate  the  formation  of  the 
images  of  external  objects  upon  the  sensitive  layer  of  the  back  of  the 
eye  oy  the  aeries  of  lenses  in  the  front  of  that  organ.  An  example 
of  the  application  of  chemical  laws  to  living  processes  is  seen  in 
digestion ;  the  food  contains  certain  chemical  substances  which  are 
acted  on  in  a  chemical  way  by  the  various  digestive  juices  in  order  to 
render  them  of  Berviee  to  the  organism. 

The  question  arises,  however,  is  there  anything  else  ?  Are  there 
any  other  laws  than  those  of  physics  and  chemistry  to  be  reckoned 
with  ?  Is  there,  for  instance,  such  a  thing  as  "  vital  force  **  I  It 
may  be  frankly  admitted  that  physiologists  at  present  are  not  able  to 
explain  all  vital  phenomena  by  the  laws  of  the  physical  world ;  but 
as  knowledge  increases  it  is  more  and  more  abundantly  shown  that 
the  supposition  of  any  special  or  vital  force  is  unnecessary ;  and  it 
should  be  distinctly  recognised  that  when,  in  future  pages,  it  is 
necessary  to  allude  to  vital  action,  it  is  not  because  we  believe  in  any 
specific  vital  energy,  but  merely  because  the  phrase  is  a  convenient 
one  for  expressing  something  that  we  do  not  fully  understand,  some- 
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thing  that  cannot  at  pra^nt  be  hrought  into  line  with  the  physical 
and  chemical  forces  that  opemte  in  the  inorganic  world 

But  jiLst  EB  there  is  no  hard-and-fast  line  between  physiology  and 
its  allies  pathology,  anatomy,  physics,  and  chemistry,  bo  also  there  is 
no  absolute  separation  between  ita  three  great  divisions;  physicali 
chemicaL  and  so-called  vital  processes  have  to  be  considered  together. 

Physiology  is  a  comparatively  young  science.  Though  Harvey 
more  than  three  hundred  years  ago  laid  the  foimdation  of  our  ecieno© 
by  his  discovery  of  the  circulation  of  the  blood,  it  is  only  during  the 
laat  half-century  that  active  growth  has  occurred.  The  reasons  for 
ihiB  recent  progress  come  imder  two  headings:  those  relating  to 
observation  and  those  relating  to  experiment* 

The  method  of  observation  consists  in  accurately  noting  things 
as  they  occur  in  nature ;  in  other  words,  the  knowledge  of  anatomy 
must  be  accurate  before  correct  deductions  as  to  function  are  possible* 
The  instrument  by  which  such  correct  observations  can  be  made  is, 
par  excelknm,  from  the  physiologist's  standpoint,  the  microscope,  and 
it  is  the  extended  use  of  the  microscope,  and  the  knowledge  of  minute 
anatomy  resulting  from  that  use,  which  has  formed  one  of  the  greatest 
stimuli  to  the  successful  progress  of  physiology  during  the  last  sixty 
years. 

But  important  as  observation  is,  it  ia  not  the  most  important 
method;  the  method  of  experiment  is  still  more  essential  This 
consists,  not  in  being  content  with  mere  reasonings  from  structures  or 
occurrences  seen  in  nature,  but  in  producing  artificiaily  changed 
relationships  between  the  structures^  and  thus  causing  new  coiubina- 
tions  that  if  one  had  waited  for  Nature  herself  to  produce  might  have 
been  waited  for  indefinitely*  Anatomy  is  important,  but  mere 
anatomy  has  often  led  people  astray  when  they  have  tried  to  reason 
how  an  organ  works  from  its  structure  only.  Experiment  is  much 
more  important ;  that  is,  one  tests  one's  theories  by  seeing  whether 
the  occurrences  actually  take  place  as  one  supposes;  and  thus  the 
deductions  are  confirmed  or  corrected.  It  is  the  universal  use  of  this 
method  that  has  made  physiology  what  it  is.  Instead  of  sitting  down 
and  trying  to  reason  out  how  the  living  machine  works,  physiologists 
have  actually  tried  the  experiment,  and  so  learnt  much  more  tlian 
could  possibly  have  been  gained  by  mere  cogitation.  Many  experi- 
ments involve  the  use  of  living  animals,  but  the  discovery  of  anees- 
tbetics,  which  renders  such  experiments  painless,  has  got  rid  of  any 
objection  to  experiments  on  the  score  of  pain. 

We  must  next  proceed  to  an  examination  of  the  general  structure 
of  the  body,  and  an  explanation  of  some  of  the  technical  terms  which 
will  frequently  be  used  hereafter. 

The  adult  body  consists  of  a  great  number  of  different  parts ;  and 
each  part  has  its  own  special  work  to  do»     Such  parts  of  the  body  are 
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called  organs.     Each  oi^an  does  not  only  its  own  special  work,  but 

acta  in  harmony  with  other  organs.  This  relationship  between  the 
organs  enables  us  to  group  them  together  into  what  are  termed 
systems.  Thus,  we  have  the  drmdaiory  sysUm,  that  is*  the  group  of 
organs  (heart,  arteries,  veins,  etc.)  concerned  in  the  circulation  of  the 
blood;  the  respiratory  system^  that  is,  the  group  of  organs  (air 
pasaagGS,  lungs,  etc.)  concerned  in  the  act  of  breathing;  the  digestive 
system,  which  deals  with  the  digestion  of  food ;  the  excretory  system, 
with  the  getting  rid  of  waste  products;  the  muscular  systsm,  vfith 
movement;  and  the  skdetal  Bysiem,  with  the  support  of  the  softer 
parts  of  the  body.  Over  and  above  all  these  is  the  nervous  system 
(brain,  spinal  cord,  nerves),  the  great  master  system  of  the  body 
which  presides  over,  controls,  and  regulates  the  functions  of  the 
other  systems. 

If  we  proceed  still  further  on  our  anatoniical  analysis,  and  take 
any  organ,  we  see  that  it  consists  of  various  textures,  or,  as  they  are 
oalled.  elementary  tissues.  Just  as  one's  garments  are  made  up  of 
textures  (cloth,  lining,  buttons,  etc.),  so  each  organ  is  composed  of 
corresponding  tissues.  The  elementary  tissues  come  under  the 
following  four  headings: — 

L  Epithelial  tissues.  3.  Muscular  tissues. 

2.  Connective  tissuea  4  Nervous  tissues. 

Each  of  these  is  again  divisible  into  sub-groupa 

Suppose  we  continue  our  anatomical  analysis  still  further,  we  find 
that  the  individual  tissues  are  built  up  of 
structures  which  require  the  microscope  for 
their  accurate  study.  Juet  as  the  textures 
of  a  garment  are  made  up  of  threads  of 
various  kinds,  so  also  in  many  of  the  animal 
tissues  we  find  threads  or  fJbres,  as  they  are 
called.  But  more  important  than  the  threads 
are  little  masses  of  living  material.  Just  as 
the  wall  of  a  house  is  made  up  of  bricks 
united  by  cement,  so  the  body  walls  are  built 
of  extremely  minute  living  bricks,  united 
together  by  different  amounts  of  cementing  i 
material  Each  one  of  these  living  units  is  | 
called  a  ceU. 

Some  of  the  tissues  already  entmierated 
eonaist  of  cells  with  only  very  little  cement 
material  binding  them  together;  this,  for 
instance,  is  seen  in  the  epithelial  tissues; 
but  in  other  tisaues,  particularly  the  connective  tissues  which  are 
not  so  e    '        ^v  living  as  the  rest,  the  amount  of  cement  or  intei^-J 


•^UCftMU, 


Oll-vftn. 


no.t-rfieelab1cf»tt«. 


OH.  t} 


nffTRODUCTOBY 


ceUular  material  is  much  greater,  and  in  this  it  ie  that  the  fibres 
are  developed  that  confer  the  neceseary  strength  upon  these  binding 
tissues. 

If,  instead  of  going  to  the  adult  animal,  we  look  at  the  animal 
in  its  earliest  stage  of  development,  the  ovtim,  we  find  that  it  con- 
siata  of  a  single  little  mass  of  living  material,  a  single  cell  As 
development  progresses  it  becomes  an  adherent  mass  of  ceUs.  In  the 
later  stages  of  development  various  tisBuea  become  differentiated 
from  each  other  by  the  cells  becoming  grouped  in  different  ways,  by 
alterations  in  the  shape  of  the  cells,  by  deposition  of  intercellular 
matter  between  the  cells,  and  by  chemical  changes  in  the  U\nng 
matter  of  the  cells  themselves.  Thus  in  some  situations  the  cells  are 
grouped  into  the  various  epithelial  linings ;  in  others  the  cells  become 
elongated  and  form  muscular  fibres ;  and  in  others,  as  in  the  con- 
nective tissues,  there  is  a  preponderating  amount  of  intercellular 
material  which  may  become  permeated  with  fibres,  or  be  the  seat  of 
the  deposition  of  calcareous  saltSj  as  in  bone.  Instances  of  chemical 
changes  in  the  cells  themselves  are  seen  on  the  surface  of  the  body 
where  the  superficial  layers  of  the  epidermis 
become  horny ;  in  the  mucous  glands,  where 
they  become  filled  with  mucin,  and  in  adipose 
tissue,  where  they  become  charged  with  fat. 

The  term  cell  was  first  used  by  botanists ; 
in  the  popular  sense  of  the  word  a  cell  is  a 
space  surrounded  by  a  wall,  as  the  cell  of  a 
prison,  or  the  cell  of  a  honeycomb.  In  the 
vegetable  cell  there  is  a  wall  made  of  the 
starch-like  material  called  cellulose,  within 
this  is  the  livijig  matter,  and  a  number  of 
large  spaces  or  vacuoles  filled  with  a  watery 
fluid  The  use  of  the  term  cell  by  botanists 
was  therefore  completely  justified. 

But  the  animal  cell  is  different;  as  a  rule, 
it  has  no  cell- wall,  aiid  vacuoles  are  not 
conapicuoua  It  is  just  a  little  naked  lump  of  living  material 
This  living  material  is  jelly-like  in  consistency »  possessing  the  power 
of  movement,  and  the  name  protoplasm  has  been  bestowed  on  it. 

Somewhere  in  the  protoplasm  of  all  cells,  generally  near  the  middle 
in  animal  cells,  is  a  roundish  structure  of  more  solid  consistency  than 
the  rest  of  the  protoplasm,  called  the  nucleus. 

An  animal  cell  may  therefore  be  defined  as  a  mass  of  protvplasm 
cantainmq  a  nucleus. 

The  simplest  animals,  like  the  amoebae,  consist  of  one  cell  only; 
the  simplest  plants,  like  bacteria,  torulse,  etc.^  consist  of  one  cell  only. 

Such  organisms  are  called  unicellular.     In  the  progress  of  their 
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life  history  the  cell  divides  into  two ;  and  the  two  new  cells  separate 

and  become  independent  organisios,  to  repeat  the  process  later  on. 

In  the  case  of  the  higher  animals  and  plants*  they  are  always  uni- 
cellular  to  start  with,  but  on  dividing  and  subdividing  the  resulting 
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cells  stick  together  and  subsequently  become  differentiated  and  altered 
in  the  manner  already  indicated.  In  spite  of  these  changes,  the 
variety  of  which  produces  the  great  complexity  of  the  adult  organism, 
there  are  certain  cells  which  still  retain  their  primitive  structure; 
notable  among  these  are  the  white  corpuscles  of  the  blood 
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It  woidd  appear  at  first  sight  an  easy  problem  to  distinguish 
between  a  living  thing,  and  one  which  is  not  living.  The  princijial 
signs  of  life  are  the  following: — 

1.  Irritability ;  that  is  the  property  of  responding  by  some  change 
under  the  influence  of  an  external  agent  or  stimulus.  The  most  obvious 
of  these  changes  is  movement  (amoeboid  movement,  ciliary  movement, 
muscular  movement,  etc.). 

2.  Power  of  assimilation,  that  is,  ability  to  convert  into  protoplasm 
the  nutrient  material  or  food  which  is  ingested. 

3.  Power  of  growth  ;  this  is  a  natural  consequence  of  the  pow< 
of  assimilatton. 

4.  Power  of  reproduction ;  this  b  a  variety  of  growth. 
6,  Power  to  excrete;  to  give  out  waste  materials,  the  products  of 

other  activities.  ^U 

It  should,  however,  he  recognised  that  certain  of  these  five  ehat^f 
ae  ten  sties  may  be  absent  or  latent,  and  yet  the  object  may  be  living." 
For  instance,  power  of  movement  is  absent  in  niany  vegetable  strnc- 
tures ;  certain  seeds  and  spores  can  be  dried  and  kept  for  many  yean^ 
in  an  apparently  dead  condition,  and  yet  will  sprout  and  grow  when 
placed  in  appropriate  surround  tnga 
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Of  all  the  signs  of  life,  those  numbered  2  and  5  in  the  foregoing 
table  are  the  most  essential  living  material  is  in  a  continual  state 
of  unstable  chemical  equilibrium,  building  itself  up  on  the  one  hand, 
breaking  down  on  the  other;  the  term  used  for  the  sum  total  of  these 
intra-molecular  rearrangements  is  metabolism.  The  chemical  sub- 
stances in  the  protoplasm  which  are  the  most  important  from  this 
point  of  view  are  the  complex  nitrogenous  compounds  called  Proteins, 
So  far  as  is  at  present  known,  protein  material  is  never  absent  from 
living  substance,  and  is  never  present  in  any  thing  else  but  that 
which  is  alive  or  has  been  formed  by  the  agency  of  Uving  cella  It 
may  therefore  be  stated  that  Protein  Metabolism  is  the  most  essential 
characteristic  of  vitality. 

The  proteins  or  albuminous  substances  have  received  different  names  at 
different  times,  and  the  nomenclature  has  thus  given  rise  to  confusion.  They  have 
been  very  generally  called  proteids  in  English  books,  but  the  term  protehi  which 
I  have  decided  to  adopt  appears  likely  to  meet  with  general  acceptance. 
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An  animal  cell  ia  usually  of  microacopic  dimeuaiona,  in  the  human 
bodj  varying  from  tj  J^  to  j^j^^f^  of  an  inch  in  diameter. 
It  consists  of — 

1,  Protoplasm,    This  makea  up  the  main  substance  of  the  cell. 

2,  Nucleus:  a  vesicular  hody  within  the  protoplasm,  generally 
situated  near  the  centre  of  the  cell 

3,  Ctntrosomt  and  attfmiwn  sphsre:  these  are  contained  within 
the  protoplasm,  oear  the  nucleus. 

These  thi'ee  portions  demand  separate  study. 

Protoplasm. 

Until  recent  years,  protoplasm  was  supposed  to  be  a  homogeneous 
material  entirely  destitute  of  structure,  though  generally  containing 
minute  granules  of  solid  consistency,  or  globules  (vacuoles)  containing 
a  watery  fluid. 

It  has,  however,  now  been  shown  with  high  powers  of  the  micro- 
scope that  in  many  cells  the  protoplasm  consists  of  two  parts,  a  fine 
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iiactlAU«  cotnpcuflil  of  limiting  mombruie  imcl  fia«  latri-nucleur  network  of  tlbrfla. 

network  of  fibrillie  in  which  the  more  fluid  and  apparently  struct i: 
less  portion  of  the  protoplasm  ia  contained     (See  figs,  2  and  6.) 
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The  network  or  epongework  is  called  the  retlciUum  or  sponglo- 
plasm,  and  the  more  fluid  portion  In  its  meBhes  the  eachylema  or 
h^raloplasm. 

In  ordc*r  to  study  the  microscopic  structure  of  such  traospart^nt  objects  as 
cells,  it  is  necessary  to  have  recourse  to  various  methods  of  fixing  and  stain- 
ing* When  one  sees  certain  appearances  after  such  treatment  of  tfic  cells,  the 
question  arises  whether  they  may  not  be  due  to  the  action  of  the  reagents 
employed.  Appearances  which  are  undoubtedly  produced  artificially  in  this  way 
are  generally  spoken  of  as  arti/nHg,  The  networJc  just  described  is  regarded  by 
some  observers  as  an  artifact,  bot  It  is  impossible  at  present  to  state  this  posi- 
tively. Hardy,  in  mirticular,  has  shown  that  a  film  of  any  colloidal  substance 
like  gelatin  will,  when  it  sets,  present  the  appearance  of  a  network,  and  he 
regards  it  as  probf'ible  that  the  network  icen  in  cells  may  be  due  to  a  similar 
setting  or  coagulation  of  the  protoplasm  which  occurs  either  when  the  cell 
dies,  or  is  fixed  by  liardening  reagents.  Butschll  regards  the  spongioplasm  as 
the  optical  effect  of  u  honeycomb  or  froth-Uke  structure.  There  are  numerous 
other  views* 

The  granules  in  protoplasm  are  partly  thickened  portions  of  the 
spongioplasm,  but  in  addition  to  this  there  appear  to  bo  free 
granules,  some  fatty  in  nature  (staining  black  with  oamic  acid), 
some  composed  of  the  substance  called  glycogen  or  animal  starch 
(fltaining  reddish-brown  with  iodine),  and  sometimes  in  a  few 
unicellular  animals  tliey  consist  of  inorganic  (calcareous)  matter. 
But  by  far  the  most  constant  and  abundant  of  the  granules  are  like 
the  main  substance  of  the  protoplasm,  protein  or  albuminous  in 
composition*  In  all  probability  the  protein  granules  are  actual 
constituents  of  the  protoplasm*  Substances  stored  within  the  proto- 
plasm, auch  a8  pigment  granules,  fat  globules,  fluid  in  vacuoles,  and 
glycogen,  are  spoken  of  as  mil-contents  or  paraplasm. 

The  chemical  structure  of  protoplasm  can  only  be  investigated 
after  the  protoplasm  has  been  killed.  The  substances  it  yields  are 
(1)  Water;  protoplasm  is  semifluid,  and  at  least  three-quarters  of 
its  weight,  often  morei  are  due  to  water.  (2)  Proteins.  These  are 
the  most  constant  and  abundant  of  the  solids.  A  protein  or 
albuminous  substance  consists  of  carbon,  hydrogen,  nitrogen,  oxygen, 
with  sulphur  and  phosphorus  in  small  quantities  only.  In  nnclein,  a 
protein -like  substance  found  in  the  nuclei  of  cells,  phosphorus  is 
more  abundant  The  protein  obtained  in  greatest  abundance  in  the 
cell  protoplasm  is  called  a  nucleo^protein ;  thai  is  to  say,  it  is  a 
compound  containing  varying  amounts  of  this  material  nucleiJi  with 
protein*  White  of  egg  is  a  familiar  instance  of  an  albiinunous 
substance  or  protein,  and  the  fact  (which  is  also  familiar)  that  this 
sets  into  a  solid  on  boiling  will  serve  as  a  reminder  that  the  greater 
number  of  the  proteins  foimd  in  nature  have  a  similar  tendency  to 
coagulate  under  the  influence  of  heat  and  other  agencies.  (3) 
Various  other  substances  occur  in  smaller  proportions,  the  most  con- 
stant of   which   are  lecithiii,   a   phosphoriaed    fat;  clioleaterlm. 
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Ic  alcohal ;  and  inorganic  salta,  especmlly  phoaphates  atui 
ehbrt<l0fl  of  calciutn,  sodium,  and  potassium. 

Tho  largij  quantity  of  water  present  should  be  particularly  noted; 
ihti  Htuilcnt  when  first  shown  diagrams  of  the  retieuJum  in  proto* 
plai<m  is  apt  Ui  iuiiigine  that  it  consists  of  a  firm  solid,  like  a  syst^n^ 
of  wireg  i^i  :%  jelly.     The  reticidum  is  only  slightly  more  solid 

than  tlie  h  v  i    ^    •.  m. 

The  Nucleus. 

In  form  tlie  nuolous  is  generally  round  or  oval,  bat  it  may  have 
in  ftome  caAes  an  irregular  shape,  and  in  other  cases  there  may  be 
invre  than  one  nuolous  in  a  eolL 

Th4^  nucleus  exercises  a  controlling  influence  over  the  nutrition 
umJ  wui^Hvision  of  the  cell;  any  portion  of  a  cell  cut  off  from  the 
micU^uii  undcrgoea  degenerative  changes. 

A  nucleus  consists  of  four  parte — 

1.  T/t4  nucimr  membrane,  which  encloses  it 

2.  /  k  of  fibres  in  appearance  like  the  spongioplasm  of  the 
%mu  but  on  a  larger  scale ;  that  is  to  say»  the  thxeads 

t4  whusU  it  is  oomposed  are  much  coarser  and  much  more 
r«jadily  seen.     The  name  chromaplaam  has  been  given  to 
lluB  i^etwork 
jF%#  nmeUar  mp   or  matrix,  a   more   fluid  and   homogeneoUB 
rhich  occupies  the  interstices  of  the  spongework 
of  cbf'^ukOpLum. 
Hx^jrhdi:  tm«e  are  of  two  principal  varieties;  some  are  knots 
'^^11^  portions  of  the  network  (pseudo-nucleoli),  and 
the  true  nucleoli,  float  freely  in  the  nuclear  sap. 
parU  of  the   nucleus  are  represented  in  the  next 


.t»urt-.^ 


-'i 


•<  \%^S!mmm^\\  e,    ( Wmldnyer.) 


aw  of  the  nucleuSi  according  to 
that  the  fibres  of  the  network 
\m  t^mis  primary,  and  thinner 
tt<(^iondary  (shown  only  on  the 
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right-hand  side  of  the  figure).     This  observer  alao  suppoBea  that  the 
primary  fibres  have  the  looped  arraugeTnent  depicted  in  the  diagram. 

In  the  investigation  of  microacopic  objects,  a  histologiBt  is  nearly 
always  obliged  to  use  staining  agents;  the  extremely  thin  objects  he 
examines  are  bo  transparent  that,  without  such  stains,  much  of  the 
structure  would  be  invisible.  If 
such  dyes  as  haematoxylin  or 
safranin  are  employed,  it  is  the 
nucleus  which  becomes  most  deeply 
stained,  and  thus  stands  out  on  the 
lighter  background  of  the  i>roto~ 
plasm. 

But  the  whole  nucleus  does  not 
stain  equally  deeply;  it  is  the 
chromoplasmic  filaments  and  the 
nucleoli  which  have  most  aflSnity 
for  the  stain,  while  the  nuclear  sap 
is  comparatively  unaffected.  Hence  the  terms  chromcdin  and  dchrO' 
matin  originally  introduced  by  Fleming,  The  membrane,  the  net- 
work, and  the  nucleoli  are  composed  of  chromatic  substance  or 
chromatin;  it  is  so  called  not  because  it  has  any  colour  in  the 
natural  state,  but  because  it  has  an  affinity  for  colours  artificially 
added  to  it.  For  a  corresponding  reason,  achromatin  or  achro- 
matic substance  is  the  name  given  to  the  substances 
which  make  up  the  nuclear  sap. 

B^lblan]   showed  that   the  chromopla^mic  iilaineats  are 


p.ej.  ^ 


Fiii.    &,— IHsgnttn    of   DudeaM   shonrfng    Uin 
AjmDeeBient  of  thW  chrQiuatlc  filamrnUp 

iippertiia«t.   p.e/,  priinBry  PhronimUe  tll«- 

work.    (RAbl,J 


apparently  transTersely  marked  mto  altcTmatjc  dark  and  ll^ht 
bands  ;  Uiis  ifl  due  to  the  exist eoce  of  minute  highly  refracting 
pafti*'ies  imbedded  in  ref^^ular  series  in  a  clear  horijogenecms 
and  uT^stainahte  tuat?ix  (see  fig.  9).  The  term  fhr&matm  shouJd 
properly  be  festticted  to  these  particles.  These  partictc^  have 
specnai  affinity  for  hoalc  dyes  like  raeUiy)  green,  and  safrania* 


E^^^  JS^  Coming  next  to  the  chemical  composition  of  the 

^^T[^S?         nucleus,  it  ia  found  to  consist  principally  of  protein 
^^**^  and  protein-like  substances.    The  nuclei  of  cells 

may  be  obtained  by  subjectiBg  the  cells  to  the 
action  of  artificial  gastric  juice;  the  protoplasm  ia 
nearly  entirely  dissol>red,  but  the  nuclei  reaiat  the 
solvent  action  of  the  juice.  Ko  doubt  the  nuclei  contain  several 
chemical  compounds,  but  the  only  one  of  which  we  have  any  accu- 
rate knowledge  has  been  termed  nuddn,  and  this  is  identical  with 
the  substance  called  chrcmMin  by  histologiBta  It  is  soluble  in 
alkalis,  but  precipitated  by  acids;  it  ia  different  from  a  simple  protein, 
aa  it  contains  in  addition  to  carbon,  nitrog^i,  oxygen,  hydrcigen,  and 
sulphur,  an  enormous  quantity  '7  to  S  per  cent,  or  even  more)  of 
phosphorufl  in  ite  molecula    In  many  caaee  nuelcLua  uonlaiii  iron  alsa 


VuK    s,  ^Prnrt    of    a 
eluoinQplJuiink    flUh 

B«t,   (Oungr*) 
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The  Attr&ctloo  Sphere. 

Beeaut  reseamh  has  showa  that,  in  addition  to  the  Duoleua  and 
protoplaam,  moBt  if  not  all  living  calls  contain  another  structure ;  it 
coniiats  of  a  minute  particle  called  a  "cmtrosome"  which  has  an 
attractive  inflaenca  on  protopl&amic  6brila  and  granules  in  its 
neighbourhood,  the  whole  appearance  produced  being  called  an 
aiiraciiojii  9ph&r€  (fig.  10). 


i 


,  ^*^IK^ 


?m,  10,— A  m\i    (wraut 


NpbA».       [u    tliU.    i*   It   BOft 
tswi,  th«  Atlfvtipn  4iM»  Ilii 


Tva.  IL— Ovuiu  of  ttn  worm  AitcirU, 
■boTrlng  « twia  ittnustloiT  flphflPJ* 
Tho  nucleus  with  \X&  contorted 
niametit  of  {ibrQinoplaftm  \a  r«pz^ 
MDted,  but  the  prot^pUsEn  Of 
tli«  mW  Is  nab  filled  In.  (v. 
EoiiedeD.) 


It  is  most  prominent  in  ceils  which  are  dividing  or  about  to 
divide.  The  centrosome,  and  then  the  attraction  sphere,  become 
double  (fig,  11),  In  all  probability  the  centrosome  gives  the  primary 
impulse  to  cell-di vision.  Some  calls,  like  the  giant  cells  of  red 
marrow,  contain  numerous  centrosomes. 


Protoplasmic  Movement, 

A  cell  possesses  tlie  power  of  breathing,  that  is,  taking  in  oxygen; 
of  nutrition^  of  building  itself  up  from  food  materials ;  and  of  ea^ri- 
tion,  or  the  getting  rid  of  waste  material.  But  the  moat  obvious 
physiological  characteristic  of  most  cells  is  their  power  of  mov^- 
m&nt. 

When  an  aracBba  is  observed  with  a  high  power  of  the  micro- 
scope, it  is  found  to  consist  of  an  irregular  mass  of  protoplasm  con- 
taining one  or  more  nuclei,  the  protoplasm  itself  being  more  or  leas 
granular  and  vacuolated.  If  watched  for  a  minute  or  two,  an 
irregular  projection  is  seen  to  be  graduaDy  thrust  out  from  the  main 
body  and  retracted ;  a  second  mass  is  then  protruded  in  another 
direction,  and  gradually  the  whole  protoplasmic  substance  is,  as  it 
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were,  drawn   into  it     The  Amoeba   thus  comes   to  occupy  a  new 
position,  and  when  this  is  repeated  several  times  we  have  locomotion 
in  a  definite  direction,  together  with  a  continual  change  of  fonn. 
These  movements,  when  observed  in  other 
cells,  such   as  the  colourless  blood-cor- 
puscles of  higher  animals  (fig.  13),  in  the 
branched  corneal  cells  of   the  frog  and 
elsewhere*   are  hence   termed    amosboid. 
The    projections    which    are    alternately 
protruded  and  retracted  are  called  psevdo- 

A  &tTmming  movement  is  not  infre- 
quently seen   in  certain  of  the  protozoa,  in  which   the  mass  ol 
protoplasm  extends  long  and  fine  processes,  themselves  very  little 
movable,  but  upon  the  surface  of  which  freely-moving  or  stream* 
ing  granules  are  seen*     A  gliding  movement  has  also  been  noticed 

"s  "^  ^  *t  tm -^ -^ 

mlQutai  wfam  ktpt  molit  tm  m  wum  iUg«.    C^^^^^"!*) 

in  certain  animal  cells  ;  the  motile  part  of  the  cell  is  composed  of 
protoplasm  bounding  a  central  and  more  compact  mass ;  by  means 
of  the  free  movement  of  this  layer,  the  cell  may  be  observed  to 
move  along. 

In  vegetable  cells  the  protoplasmic  movement  can  be  well  seen 


'•*-►' 


ir 


If 


14.-h(a,)  YOQiig  vogi) table  cellfl,  ihowlng  oell-ca^  Ity  eatlroly  flll^^  with  gnimlkr  ptotoplatiB 
en^QsIng  «  Ur^  qveI  dgcIbuHj  with  ono  or  more  nucteoU. 
(b.)  Otdai  oaLu  from  lami  f  lAtit,  abQwlAK  distinct  cflUuloM-wiU  ud  rAcuotation  of  proto- 
pliksm. 

in  the  hairs  of  the  stinging-nettle  and  Tradescantia  and  the  ceUs  of 
^Yallisneria  and  Chara ;  it  is  marked  by  the  movement  of  the  granules 
^  learly  always  imbedded  in  it  For  example,  if  part  of  a  hair  of 
'Tradescantia  (fig.  15)  be  viewed  under  a  high  magnifjring  power. 


MTV  l8ifeerT»lft  «r  I^B  eniaat*^ 
I  wMflormiagm  vacaol 


Nfcl  lib  fo<»f iMJiijari  iii  a  boirf  i 

KMiil  am  ilia  wUA  Uam  tim 

ImIm  Umm4§  or  trnj  f ram  tfa« 
tff^hiAf  tftMi  ill  tb0  omlr«  of  dia 
MjiJiy  erf  IbdiM  Rireunt 
rtm  Ufgethor  into 
i^  ^m  And   iiri)  kmt  iti    Ibe 

f'  ^«M,  iiml   thus  ceMalew 

%  »  -   of   f'/fif*   ttfo  pfoduood. 

1f)**i  iiii/t^f i<#»ii I  rrf  Uio  firr/UiphtJ^frnr 
Kf*fiiiM  ki  or  frofii  Urn  {itjti- 
iilMir/  li  mntmiUtmn  mlU^i  voga* 
U(44i  t>ir*mifiiUm,  whomaii  tha 
Wilf««fiif»iit  of  Ujm  [irot^jj/laHrii  riiuiid  the  iDterior  of  &h@  cellis  called 

Tim  flml  A/fff^qiit  */f  thft  moTemmt  of  protoplasm  was  given  by 
Itomil  in  1755,  as  occurring  in  a  Bmall 
ProUma,  probably  a  large  freshwater 
aiijosha,  lliji  description  waa  followed 
twonty  yiiari*  latar  by  Corti's  demons tra* 
iuni  I  if  tho  rotation  of  the  cell  sap  in 
Cluiracfuii,  ant!  in  the  earlier  part  of  last 
Mfnitiiry  by  Mtiyor  in  Vallisneria,  1827, 
and  by  Ut^wrt  Brown,  1831,  in  "Stamina! 
llalfH  of  Trikiloseantia/'  Then  came  Du- 
jtntliTi'H  dBBcriptitiu  of  the  granular  stream- 
ing in  tho  pRoudopodia  of  Rhizopods; 
niovomonttt  in  othor  animal  cells  were 
tioMorilKM!  Honanvliat  later  (Planarian  eggs, 
V.  Hidljottb  1841 ;  colourlesa  blood-oor- 
pUMoloa,  \V  liar  ton  Jones»  1846). 

Tin 'IV  ift  nu  doubt  that  the  proto- 
phumio  movement  in  easeutially  the  same 
ibin^  in  both  animal  and  vegetable  calls. 
Hut  in  vfigetable  oells  the  cdl-wall  obliges 
tbo  niovomont  to  occur  in  the  interior^ 
whilii  in  th«i  tinkod  wuuutl  colls  the  move- 

iU  i*umt   n^ult$  in  «a  welenial  change  of 

ffUTUL 

V)k).  vi^h  iW  Wiv«iMiilt  of  miiMibold  oells  nuty  be  loooolj  d&- 
HhU^hI  HA  »)HmlJUMM>^  ytH  Ibigr  in  praluoad  «iid  tn^ngaaed'imdier 
IW  Hi'lHm  \4  i^MtmI  %si^Mim  ^thioli  tnito  them,  sxhI  whidi  mm 
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therefore  called  stimuli^  and  if  the  movemont  has  ceased  for  the  time, 
as  is  the  case  if  the  temperature  is  lowered  beyond  a  certain  point, 
movement  may  be  set  up  bj  raising  the  temperature.  Again,  contact 
with  foreign  bodies,  gentle  pressure,  certain  salts,  and  electricity, 
produce  or  increase  the  movement  in  the  amcBba,  The  protoplasm 
is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irritability 
by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  further 
detailed : — 

a.  Change  of  iemperature. — Moderate  heat  acts  as  a  stimulant : 
the  movement  stops  when  the  temperature  is  lowered  near  the 
freezing-point  or  raised  above  40"  C.  (lOi*"  K);  between  these  two 
points  the  movements  increase  in  activity  j  the  optimum  temperature 
is  about  37'  to  38'  C,  Though  cold  stops  the  movement  of  proto- 
plasm, exposure  to  a  temperature  even  below  0 '  C.  does  not  prevent 
its  reappearance  if  the  temperature  is  raised;  on  the  other  hand, 
prolonged  ejcposure  to  a  temperature  of  42-45'  G.  altogether  kills  the 
protoplasm  and  cauaes  it  to  enter  into  a  condition  of  coE^ulation  or 
hsat  rigor.  We  have  already  seen  that  proteins,  the  most  abundant 
constituents  of  protoplasm,  are  coagulated  by  heat. 

K  GMmical  stimuli — Distilled  water  first  stimulates  then  stops 
amceboid  movement,  for  by  imbibition  it  causes  great  swelling  and 
finally  bursting  of  the  cells.  In  some  cases,  however  (myxomycetes), 
protoplasm  can  be  almost  entirely  dried  up,  but  remains  capable  of 
renewing  its  movement  when  ^ain  moistened.  Dilnte  salt  solution 
and  very  dilute  alkalis  stimulate  the  movements  temporarily.  Acids 
or  strong  alkalis  permanently  stop  the  movements :  ether,  chloroform, 
veratrine  and  quinine  also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid,  and  resumed  on  the  admission  of  air  or  oxygen ;  complete  with- 
drawal of  oxygen  will  after  a  time  kill  protoplasm. 

c.  Electrmd, — Weak  currents  stimulate  the 
movement,  wliile  strong  currents  cause  the 
cells  to  assume  a  spherical  form  and  to  become 
motionless* 

The  amoeboid  movements  of  the  colourless 
corpuscles  of  the  blood  may  be  readily  seen 
when  a  drop  of  blood  from  the  finger  is  mixed 
with  salt  solution,  and  examined  on  a  warm 
stage  with  the  microscope.  If  a  pseud opod it im 
of  such  a  corpuscle  is  observed  under  a  high 
power,  it  will  be  seen  to  consist  of  hyaloplasm, 
which  has  flowed  out  of  its  spongy  home,  the 
reticulum.  Later,  however,  a  portion  of  the  reticular  part  of  the 
protoplasm  may  enter  the  psendopodium*     The  ceUs  may  be  fijced 


t. 
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by  a  jet  of  staam  allowed  to  play  for  a  moment  on  the  surface 
of  the  cover  glass.  The  next  figure  UlustrateB  one  fixed  in  thk 
way. 

The  essential  act  in  the  protrusion  of  a  paeudopodium  is  the 
flowing  of  the  hyaloplasm  out  of  the  spongioplasra ;  the  retraction 
of  the  pseudopodimn  is  a  return  of  the  hyaloplasm  to  the  spongio- 
plasm.  The  spongioplasm  has  an  irregnlar  arrangement  with  open- 
ings in  all  directions,  so  that  the  contractility  of  undifferentiated  cells 
may  exhibit  itself  towards  any  point  of  the  compass,  M 

The  relaticin  of  cells  to  various  forms  of  stimuJus  h&s  been  recently  rety 
extensively  studied.  Various  forms  of  unicellular  organisms  have  been  used  id 
these  experuuentSf  and  the  stlrrmli  einployed  have  been  cheniical,  thcrmaJ,  light 
electric  earrents,  and  So  foHh.  If  the  cdl  moves  towards  the  source  of  attract  ion, 
the  term  pojikiva  IttjHji  is  eiiiployed  ;  if  it  is  repelled,  lugathe  tarig.  The  words, 
t'hemo- taxis,  thermo-taxiSt  pnoto-taxis,  gal^ano-taxiSf  etc.*  in  die-ate  the  kind  of 
stimulus  investigated. 

Oell  Divi&ion. 

A  cell  multiplies  by  dividing  into  two;  each  remains  awhile 
in  the  reating  or,  more  correctly,  non-dividing  condition^  but 
later  it  grows  and  subdivides,  and  the  process  may  be  repeated 
indefinitely. 

The  supreme  importance  of  the  cell,  the  growth  of  the  body  from 
cells,  and  the  fact  that  cells  are  the  living  units  of  the  organism^ 
were  first  established  in  the  vegetable  world  by  Schleiden,  and 
extended  to  the  animal  kingdom  by  Theodor  Schwann.  The  ideas 
of  physiologists  depending  on  this  idea  are  grouped  together  as 
cellular  physiology,  which  under  the  guidance  of  Virchow  was  ex- 
tended to  pathology  also:  Yirchow  expressed  the  doctrine  now  so 
familiar  as  to  be  almost  a  truism  in  the  terse  phrase  Qmnis  cetlula  t 
cdlida  (every  cell  from  a  cell). 

The  division  of  a  cell  is  preceded  by  division  of  its  nncleus. 
Nuclear  division  may  be  either  (1)  nmph  qt  direct,  which  consists  in 
the  simple  exact  division  of  the  nucleus  into  two  equal  parts  by  con* 
striction  in  the  centre,  which  may  have  been  preceded  by  division  of 
the  nucleoli ;  or  (2)  indirect,  which  consists  in  a  series  of  changea 
which  goes  on  in  the  arrangement  of  the  nuclear  reticnlum>  resulting 
in  the  exact  division  of  the  chromatic  fibres  into  two  parts,  which 
form  the  chromoplasm  of  the  daughter  nucleL 

The  changes  in  the  nucleus  during  indirect  division  oonstitnte 
kaiyokiTiesis  (Kfipvov,  a  kernel),  or  mitcms  {fairou  a  thread),  and 
direct  division  is  called  amitotic  or  akimtic  {k'tptiin^i  movement). 
is  now  believed  that  the  mitotic  nuclear  division  is  all  but^  though 
not  quite,  universaL  Somewhat  difi*erent  accounts  of  the  stages  of 
the  nuclear  division  have  been  given  by  different  authorities,  accord- 
ing to  the  kind  of  cell  in  which  the  nuclear  changes  have  been 
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studied.    The  following  figure  (fig.  18)  shows  some  of   the  typical 
stages  of  karyokineaia  as  observed  by  Klein: — 


n 


Irzr^ 


J 


I 


Fm*  15.— ikuyokinesis.  A^  oi-t1lii&?7  nneleuj  of  a  rolaomkr  epitliieUal  osll  i  «,  C|  the  ume  nucleiu  In 
the  ntftg^  ot  canrotutiiifn  ;  i>»  ihtt  vtfrath  or  routte  tono  -  K,  Ihfl  asffr,  or  iHoglfl  stAr;  r,  i  HQelflBr 
RpUidle  frout  ttio  D«Miiiet*»  ondothBtiiitii  of  the  frog  a  comfa;  o,  Hj  i,  dlwler;  K,  two  ttiugtiter 
nmclvt.    (KleJn.) 

The  process  may  be  divided  into  the  following  stages : — 
L  The  non-dividing  nuclens  (fig,  19.) 


Mudft  oi  uatwork  - 


If^Hli  of  matwork  — 


-  N  uclcAT  network. 


Fio,  18.— Tbft  psitlug  nuclooa.    (W4ldeynr.) 

2.  The  spirem  or  skein  stage :  the  nucleoli  dissolve,  the  secondary 
fibres  disappear,  and  ihe  primary  loops  running  from  polar  to  anti- 
polar  regions  remain  (figa  8,  20),  In 
some  ceils  there  is  at  first  one  long, 
much  twisted  thread,  which  subse- 
quently breaks  up  into  segments.  The  r^^'^-^i^v^  sj 
loops  are  called  chromoscmss.  l-'^':;^^^^^' 

3,  Each  loop  becomes  leas  convo- 
luted and  splits  longitudinally  into  two 
sister  threads,  and  the  achromatic 
spindle  appears  (fig.  21,  A  and  B). 

4  The  equatorial  stage;  monaster. 
The  nucleus  has  now  two  poles,  those 
of  the  spindle;  and  at  each  pole  there  ia  a  polar  corpuscle  or  centro- 


Fju.  so.  — Early  condttEon  of  the  mk«iti 
mtiiigv  vip wf d  ftt  tla  e  ixjlftr  end .  I,  e.  /, , 
looped  ctimuiAtle  ItUroQiit.  t,/.,  1m- 
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TOE   AKTMAL   CILL 


[cH.  a 


some.     The  division  of  the  centroaorae  of  the  original  cell,  and  then 
of  the  attraction  sphere  into  two,  usually  precedes  the  comnieiioe- 

A  *  B 


rio.  21.— Later  wmdlUoo  of  tbe  Rkeln  wUee  la  kirygWni^b,  a.  The  thicker  prtnmry  flbrea  or  cUmmo- 
aomu  bsconae  leas  oonvoliatcd  «nd  th«  acliromiiLlIc  splndlQ  ippears.  n.  The  chTGrnonomtm  aplft  Into 
two  iiiil  tti«j  BcViroumtic  apiniUe  bocomcn  lojigltmUnaL    (Wmld^yer.) 


two  attraction  spheres  become 


^oit  Qi  wpiam^^ 


^Utfibm. 


-  Inner  c]a«-  «wie. 


PoUf 


Fio.  1!X— lioii»t«riUg»ofkar7okln«ii]«, 


^ 


ment  of  changes  in  the  nucleus;  the 

prominent  in  cell  dinsiou.  and  the 

connecting  achromatic  spindle  is 

probably  also  formed  from  them 

or  from  the  achromatic  material 

of  the  nucleus. 

At    this    stage    the    nuclear 

membrane  is  lost,  and  thus  cell 

protoplasm     and     nuclear     sap 

become   continuous;  the   proto- 
plasm   immediately  around   the 

nucleus  is  clear;  outside  this  is 

a  granular  zone,  and   here  the 

granules   are    arranged    radially 

from  the  polar  corpuscles.     The 

star-like  arrangement  of  these  granules  is  much  better  marked  in 
fafar€if<u  embryonic    cells^  indeed    the 

lines  present  very  much  the 
appearance  of  fibrils  (see  fi 
23). 

The  V-shaped  chromosom 
sink   to   the  equator  of   the 
spindle,  and    arrange    them- 
selves so  as  to  project  hori- 
zontally from  it. 

In  cells  wiiich  are  the 
suit  of  the  sexual  procesa^ 
the  number  of  chromosomes  is 
always  even,  an  equal  number 
being  contriliuted  by  each  sex. 
The  number  of  chromo- 
somes  varies  with  the  speeiei 

from  four  to  twenty-four ;  in  man  the  number  is  sixteen* 


ttw^tinrjf 


JlntifHtdat  jwft 


Fi(i«  S3. — OTTim  of  the  worm  An&sdi  In  prooffu  of  dlvl. 
slon.  Tlie  ittrmctioo  iipli«t«i  *f«  at  opposite  aadjt 
of  tbu  QVutn  ;  at  Lhe  oqu&tor  tit  Ulfl  tip^ndie  vrhlrh 
uiiil"!*  IhytHp  fourchramoiomoi  are  ifl«ii,  TL"  |ii  yU>- 
pl4«in  of  the  ov'uth^  except  in  the  oquitcrial  fonoof 
the  cell*  U  hrranKcd  in  UDear^Li  Hating  fhitn  th«  i^i'titn' 
(c«nt.Ttiaoro«')  or  the  attract Eou  !(ph<^rt<.    (Waldci^er,) 


I 

im- 
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5*  The  s^age  of  mctakinem.  The  sister  threads  separate,  on©  set 
going  towards  one  pole,  and  the  other  to  the  other  pole  of  the  spindle 
(fig.  24) :  these  form  the  two  daughter  nuclei.  The  chromoaonieB  are 
probably  pulled  into  their  new  position  by  the  contraction  of  the 
spindle  fibres  attached  to  them. 

6.  Each  daughter  nucleus  goes  backwards  through  the  same  series 


[*..«  Fino  uniting 
flUtnent*. 


-$: 


Fir;.  24,—MflUkiii«flls.    A.  Burly  utap,     fi.  IJitBf  ttftg^P    c,  Llitest  Htage— ftirmfttlQU  c^  diistttr,     b,  Mfid 
c.  sbow  liovr  tJie  «lflUr  tbreadA  dl»eritiing1«  thflnuelvea  from  onct  luotlier*    (Wnldeyfr,) 

of  changes ;  the  diaster  or  double  star  is  followed  by  the  dispirem  or 
double  skein,  until  at  last  two  resting  nuclei  are  obtained  (fig.  25). 

A  new  membrane  forms  around  each  daughter  nucleus,  the  spindle 
atrophies,  and  the  attraction  sphere  becomes  less  prominent.  The 
division  of  the  cell  protoplasm  into  two  parts  around  the  two  nuclei 
begins  in  the  diaster  stage,  and  is  complete  iii  the  stage  represented 
in  fig*  25, 


-- ^  BemAltu  or  ipliif jle. 


Line  of  itepftnitkni  of  thu 

two  cells, 
AAtl|iol0     or     daughter 

Ducleus, 


^.    LlgtiLer  AuUUnce  of  tlie 


'  Oell  pffitoplMtti, 

-num. 


WlO.  26^*— Flci4l  «Uge«  of  kAryokiorab.    In  thi^  lowet  d«Ui;liter  niiE:lenfl  thD  cliuig^  mr«  NtilJ  mDm 
Adv&need  tlimn  Lu  tha  ufafiur.    ( Wmldryur.) 


The  karyoklnetic  process  has  been  watched  in  all  its  stages  by 
more  than  one  obaerver.  The  time  occupied  varies  from  half  an  hour 
to  three  hours;  the  details,  however,  must  be  studied  in  hardened 
and  appropriately  stained  specimena  They  are  most  readily  seen 
in  cells   with   large    nuclei^  such   as    occur  in   the  epidermis  of 

I      amphibians* 

■  The  proccjss  varies  a  good  deal  in  different  animal  and  vegetable 


oilli;  iuch  ui  iii  Iha  niiiBbor  of  obnimosoiiiea,  aod  the  i^UliTi} 
imiKntmnm  of  tbo  different  stag^iL  All  attemptad  hem  tiaa  been 
la  fpf 0  AH  aaouuiit  of  a  typical  caaa  The  phases  may  be  i 
in  n  tabular  way  aa  foUows  (from  "Quain's  Anatomy''): — 


JlrnuLK  Hkciw  om   UmrriiKii 


1.  Roljiif   condition    of   mother    nodess 
[2. 


Cbie  tkcln  erf  fine  convoluted  filameiits 


7. 

la 


Open  akci  n  of  Ui  icker  fik  menlA,    Spimlle 

■ppemC%2lA). 
Movemcmt  of   V -shaped   diromofii)me» 

to  tniddJi^  of  nu4deii9,  and  each  splits 

into  two  HihtvT  threads  (fig.  21  »> 
Stellate  ^irrmngemeiit  of  V  tilameots  at 

equator  of  spindle  (fig,  22). 
Separation  of  cleft  fikincDt'*  «Jid  tiiove- 

ment  dong  ^brei  ot  spindle  (fig*  24  a 

and  m). 
Conveyance  of  V  filaments  towai^s  poles 

of  flpiniile  (fig.  24  t ). 
Open  jikein  in  daughter  nurtei. 
Close  skein  in  daughter  uuvM  (fig.  25). 
Renting  condition    of   daughter   nuclei 


The  Ovum. 

Thu  ovary  in  an  orjj^au  which  produces  ova. 

An  ovitiu  m  a  Mifiiplo  animal  cell;  its  parts  are  seen  in  the  next 
diofjTani* 

it  ia  oaclo»j'l  in  a  momhrana  called  the  zona  pellucida  or  vitelline 
membrana     Tho  tiorly  of  the  cell  is  can^ posed  of  protoplasm  loaded 


^KqclQiu  or  gsmiliiAl  veslola, 
'"Nuclocilna  ur  gflrmlml  apot. 

..yj^Kse   Joft   by  j^trictloa  of 
._  Protoplasm  ^^dUInltig  yolk 


-VltalUii«  tnombnnfl. 


with  granules  of  f<>ocl  materiaU  callod  the  yolk  or  vitellus.  The 
Quoleus  and  luicloolus  aro  soiriotiinee  still  caUoi.1  by  their  old  names, 
0irminal  msicU  and  germinal  spot  roapoctivoly,  The  attraction  sphere 
is  not  shown  in  the  tliagraiii. 

The  forniatiau  uf  ova  will  form  the  subject  of  a  chapter  later  on, 
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but  it  ia  convenient  here  at  the  outset  to  state  briefly  one  or  two 
facta,  and  introduce  to  the  student  a  few  terms  which  we  shall  have 
to  employ  frequently  in  the  intervening  chapters. 

The  ovum  first  discharges  from  its  interior  a  portion  of  its 
nucleus,  which  forms  two  little  globules  upon  it  caUed  the  polar 
globules.    ' 

Fertilisation  then  occurs ;  that  is  to  say,  the  head  or  nucleus  of 
a  male  cell  called  a  spermatozoon  penetrates  into  the  ovum,  and 
becomes  fused  with  the  remains  of  the  female  nucleua 

Cell  division  or  segmentation  then  begins,  and  the  early  stages 
are  represented  in  the  next  figure. 

Fluid  discharged  from  the  cells  accumulates  within  the  interior 
of  the  mulberry  maas  seen  in  fig.  27  rf,  and  later,  if  a  section  is  cut 
through  it,  the  cells  will  be  found  arranged  in  three  layers. 

The  outermost  layer  is  called  the  epibl£tst. 

The  middle  layer  is  called  the  mesoblast. 

The  innermost  layer  is  called  the  hypoblast. 

From  these  three  layers  the  growth  of  the  rest  of  the  body  occurs, 


Fjo.  37.— DlmeTKm  of  aa  oriim  (a)  imderEolng  ugm^ntfttkm 

1tmt\  ftjuT  In  (iQ  the  proo^fti  hMa  ttAnltBd  tn  tbfi  ptoductlofi  ht  tbe  Khcmllcd 
(Frey.) 


la  (&)  It  bu  dlvldAd  Into  tin^,  In  (c)  Uito 


nutritiye  material  being  derived  from  the  mother  in  mammals  by 
means  of  an  organ  called  the  placenta. 

The  epiblast,  the  outermost  layer  of  the  embryo,  forms  the  epi- 
dermis, the  outermost  layer  of  the  adult.  It  also  forms  the  nervous 
system. 

The  hypoblast t  the  innermost  layer  of  the  embryo,  forms  the 
lining  epithelium  of  the  alimentary  (except  that  of  the  mouth  and 
anus  which  are  involutions  from  the  epi blast)  and  lespiratory  tracts, 
that  is,  the  innermost  layer  of  the  adult.  It  also  forms  the  cellular 
elements  in  the  large  digestive  glands,  such  as  the  liver  and  pancreas, 
which  are  originally,  like  the  lungs,  outgrowths  from  the  primitive 
digestive  tube. 

The  wMoUast  forms  the  remainder,  that  is,  the  great  bulk  of  the 
body,  including  the  muscular,  osseous,  and  other  connective  tissues  ; 
the  circulatory  and  uri no-genital  systems. 


CHAPTER  III 

KPITIlELrUM 

The  elementary  tiasues  of  which  the  organs  of  the  body  are  buflt 
up  may  be  arranged  into  four  groups :  epithelial,  connective,  muscular, 
and  nervous.  The  first  of  theaej  the  epithelial  tissues,  follows 
naturally  on  a  study  of  the  animal  cell,  as  an  epithelium  may  be 
defined  as  a  tissue  composed  entirely  of  cells  united  by  a  minimal 
amount  of  cementing  material  As  a  rule,  an  epithelium  is  spread 
out  as  a  membrane  covering  a  surface  or  lining  the  cavity  of  a  hollow 
organ. 

These  epithelia  may  be  grouped  into  two  great  classes,  each  of 
which  may  be  again  subdivided  according  to  the  shape  and  arrang^ 
ment  of  the  cells  of  which  it  is  composed.     The  following  table  givei^ 
the  principal  varieties : — 

Ci^ss  1. — Simple  epUhelmm;  that  is,  an  epithelium  consisting 
of  one  layer  of  cells  only.     Its  subgroups  are  as  follows  :— 
0.  Pavement  epithelium. 
J.  Cubical  and  columnar  epithelium, 
c.  Ciliated  epithelium. 

Class  2. — Compmind  epithelium;  that  is,  an  epithelium  consist- 
ing of  more  than  one  layer  of  cells.     Its  subgroups  are  as  follows : — 

a.  Transitional  epithelium, 

b.  Stratified  epithelium. 
This  classification  does  not  include  the  more  specialised  forms  of 

epithelium  found  in  secreting  glands,  or  in  the  sense  organs,  norl 
structuros  like  hair,  and  enamel  of  tooth,  which  are  epithelial  in  I 
origin.     These  will  be  considered  in  their  proper  place  later  on. 


Pavement  Epithelium. 

This  consists  of  a  layer  of  thin  cells,  arranged  like  flat  pavement^  ] 
stones  accurately  fitting  together  and  united  by  a  small  amount  of 
cementing  materiah     The  structure  of  the  cells  and  their  outlinea 
may  be  best  demonstrated  in  the  following  way : — 

A  portion  of  the  fresh  tissue  is  taken  and  immersed  for  a  few 
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mitiytes  in  a  1  per  ceut,  sulutiun  of  nitiuto  of  silver;  it  is  taken  out, 
washed  with  distilled  water,  and  exposed  m  water  or  spirit  to  sun- 
light    The  silver  forms  a  compound  with  the  cement,  which  in  the 


■r '  ■,  -^^ 


^'^pm^ 


A.    D. 


// 


Fio.  SS,— From  &  f*cL|ciu  of  tins  imin  of  a  c*t,  :fUliL&t  wltli  sllvtir  nitrmto.  N*  Alveoli  or  alr-uejjn, 
lined  Willi  \MTmB  Hat,  ntuHeatf^rl  celln,  with  widd  eniAller  ptilyheelmt  nci^Jt^tect  txtila,  (KJula  uid 
Xdble  Smith.} 

light  is  deeomposed  or  reduced,  leading  to  a  fine  deposit  of  silver, 
showing  as  black  or  brown  lines  between  the  cells,  and  accurately 
defijiing  their  outlinea  The  preparation  may  then  be  immersed  in 
aome  stain  like  logwood  to  bring  out  the  nuclei,  and  finally  mounted 
in  the  usual  wa)-. 


vvv^ 


n'l 


r-^iyS 


FlO.  2d, — Abilomlhftl   s^urrjbce  uf  uiiutnil  U^hdciii  of  tlie  diAplinfrii  or  r&bbtt,   ^liowinf;  tb«   gfsii£ii.1 
polygon&l  mhipQ  of  tLc  (^nUotheiiat  (N91U:  ^tich  c»l]  is  bucle«tiKl.     ■:  30O,    (KlemO 

Fig.  28  shows  the  appearance  presented  in  a  preparation  of  lung. 
In  the  alveoli  or  air-sacs  of  the  lung,  pavement  epithelium  of  a  typical 
kind  is  found  forming  a  lining  membrane. 
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Endothelliiin. — Epithelium  of  similar  appearance  is  found  lining 
the  infeeriur  of  the  whole  of  the  vascular  Byatem,  heart,  artdriaa,  eapil- 


Fta.  Ba^^P^ritoiKAi  AQjikca  of  a  portion  of  tb«  Mptmn  of  tlm  groit  lytuph-sac  of  »  f^TOg*    Tii«  mUimAlA, 
iome  of  wbioh  mre  open,  *oms  oolUp»t|f  are  w6l]  itwifn.     x  1W.    C^^l^^*) 

laries,  veins,  and  lymphatics,  and  in  the  adjuncts  of  the  circulatory 

eyatem  called  the  serous  membranes  (pericardium,  peritoneum,  etc.). 

This  epithelium  is  formed  from  the  middle  layer  of  the  embryo. 


Flo.  11.— A  poitlon  of  thfl  gT«&t  omemtom  of  diogi  wUeh  tbow«,  iuiiODg9t  ibe  tit-t  eod^oUielliim  of  0m  ' 
AOtit^oe,  umAll  mod  Uim  eroupB  of  germlnBtfng  endotiieDuiiQ,  bfttwrno  which  ut  liMLaf  ttooiktik 

the  mesoblaat;  most  other  epithelium  is  derived  either  from  epi blast  or 
hjpobladL     Hence  it  has  received  a  distinot  name,  viz.:  endotheiium^ 
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The  general  appearanca  presented  by  endothelium  in  serous  mem- 
branes is  shown  in  figs,  29,  30,  and  31 ;  in  blood-vessels  in  fig.  32. 

The  stomata  Been  in  some  of  the 
drawings  are  minute  openings  sur- 
rounded by  more  darkly  staining  cells, 
which  lead  from  serous  cavities  ijito 
lymphatic  vessels. 

OubicaU  Spheroidal,  and  Ooliunnar 
Epithelium. 

In  these  forms  of  epithelium,  the 
cells  are  not  flat,  but  are  thick;  if  they 
approximate  cubes  or  spheres  in  shape, 
the  epithelium  is  called  cubical  or 
spheroidal  respectively.  Fol^Jiedral  epi- 
thelium is  found  in  the  alveoli  of  secret- 
ing glands,  such  as  the  salivary  glanii.s, 
liver,  and  pancreas  (see  figs.  33  and  34), 
and  will  be  discussed  at  length  in  con- 
nection with  those  organs.  Cubical  epi- 
thelium is  found  in  the  alveoli  of  tho 
thyroid  (s^e  fig.  35),  in  the  tubules  of 
the  testis,  and  in  the  ducts  of  some 
glands. 

In  columnar  epithelium  the  cells  are 
tall,  and  form  a  kind  of  palisade  or  rows 
of  columns.  It  is  fotmd  lining  the  in- 
terior of  the  stomach  and  intestines,  and 
the  ducts  of  the  majority  of  secreting 
glands;  it  forms  also  the  layer  on  the 
outer  surface  of  the  ovary. 

In  the  intestinal  epithelium  each  cell  has  a  distinct  brightly 
refracting  and  striated  border.  Fig.  36  shows  two  isolated  cells  of 
this  kind. 

The  nucleus  with  its  usual  network  and  the  vacuolated  condition 
of  the  protoplasm  are  very  well  seen*  The  attached  border  is  narrower 
than  the  free  edge.  Amoeboid  lymph  cells  are  found  in  the  spaces 
that  must  necessarily  be  left  when  cells  of  such  a  shape  cover  a 
surface.  Fig,  37  shows  a  row  of  columnar  cells  from  the  rabbit's 
intestine. 

The  next  figure  (fig,  38)  shows  the  arrangement  of  these  cells  on 
the  surface  of  a  villus,  one  of  the  numerous  little  projections  found 
in  the  small  intestine. 

The  gaps  seen  there  are  due  to  the  formation  of  what  ^re  called 
goblet  cells.     In  some  of  the  columnar  cells,  a  formation  uf  granules 
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occi]iii  which  ootisiat  of  a  subetafice  called  muoi^n ;  them  nm 
together,  and  are  discharged  from  the  cell  as  a  brightlj  retracim$ 
globule  of  niticiii^  leaving  the  cell  with  open  mouth  like  a  goblet,  the 
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nucleus  being  surrounded  by  the  remains  of  the  protoplasm  in  its 
narrow  stem  (see  fig.  S3). 

This  tt^neformation  is  a  normal  process  continually  going  on 
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cdnktn  «  «oiloCd  mateHal.    ( After  Hcbafor.) 

throughout  life,  the  discharged  mucin  contributing  to  form  mucus^ 
The  cells  themselves  may  recover  their  original  shape  after  diacharga, 
and  repeat  the  process  later  on. 
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of  ceUA  fUUv  dtrvbloped  Kn^  be&riUFt  cUlii, 
X  S60.    (Xolliker.) 


Each  cell  ie  surmounted  by  a  bunch  of  fine  tapering  filaments. 

They  were  originally  called  eilia  because  of  their  resemblance  in  shape 

to  eyelashes.  They  differ  from 
eyelashes  in  being  extremely 
small,  and  in  not  being  stiff; 
ihey  are  in  fact  eomposed  of  pro- 
toplasm. During  life  these  mova^ 
to  and  fro,  and  so  produce  a  cur-^B 
rent  of  fluid  over  the  surface  they 
cover.  Like  columnar  cells,  they 
may  form  goblet  cells  and  dis- 
charge mucin. 

In  the  larger 
ciliated  cells,  it 
will  be  seen  that 
the  border  on 
which  the  ciha 
areset  is  bright, 

and  composed  of  little  knobs,  to  each  of  which  a 

cilium  ia  attached ;  in  some  cases  the  knobs  are 

prolonged  into  the  cell  protoplasm  as  filaments 

or  rootlets  (fig.  43).     According  to  some  observers 

these  rootlets  are  outgrowths  from  the  multiplied 

centroBome  of  the  cell 

The  bunch  of  cilia  is  homologous  with  the 

striated  border  of  columnar  ceUa 

Ciliated  epitheliuni  is  found  in  the  human 

body,  (1)  lining  the  air  passages,  hut  not  in  the 

alveoli  of  the  lungs ;  these  are  lined  by  pavement 

epithelium ;  (2)  in  the  Fallopian  tubes  and  upper 

part  of  the  uterus;  (3)  in  the  ducts  of  the  testis 

known  as  the  vasa  efferent! a  and  coni  vasculosi ; 

here  the  cUia  are  the  longest  found  in  the  body ; 

(4)  in  the  ventricles  of  the   brain  and  central 

canal  of  the  spinal  cord ;  (5)  the  tail  of  a  sperma- 
tozoon may  also  be  regarded  as  a  long  cilium. 
In   other  animals  cilia  are   found   in   other 

parts;  for  instance,  in  the  frog  the  mouth  and 

gullet  are  lined  by  ciliated  cells;  in  the  tadpole, 

the  whole  surface  of  the  body  and  especially  the 

gills  are  covered  with  cilia.     Among  the  inverte- 
brates one  finds  many  protozoa  completely  covered 

with  cilia ;  in  many  embryos  the  cilia  are  arranged 

in  definite  bands  round  the  body;  in  the  rotifers  or  wheel  animal- 
cules, a  ring  of  cilia  round  the  mouth  gives  the  name  to  this  par 
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ticular  group.    The  gilla  of  many  animals  ana  covered  with  cilia; 
and  the  cells  of  the  kidney  tubnles  in  some  animala  are  dikied 


Ciliary  MotloiL 

Ciliary  motion  reminds  one  of  amcEboid  moTemeii£,  but  it  is  much 
more  rapid,  and  more  orderly.  It  consiatiof  a  rtiTthiEiical  mof^eaieEit 
of  the  cilia,  a  bending  over,  followed  bj  a  leaaeiiiiig  of  the  curvatomf 
repeated  with  great  frequency* 

When  living  ciliated  epitbelimn,  «,^.,  from  the  gill  of  a  tnnisei  or 
from  the  mouth  of  the  frog,  is  examined  under  the  mlefofioopi  in  a 
drop  of  0  75  per  cent  solution  of  mmmonmii{mnrmmlmMim§mhUim), 
the  cilia  are  seen  to  be  in  constant,  rapid  modoa,  aacb  cilitun  beiD^ 
fixed  at  one  end,  and  swinging  or  lashing  to  and  fm.  Ths  genam 
impression  given  to  the  eye  of  the  obaerv^er  is  very  sunilar  to  thai 
produced  by  waves  in  a  field  of  com,  or  swiftly  running  and  rippling 
water,  and  the  result  of  their  movement  is  to  produce  a  eonknucNui 
current  in  a  definite  direction,  and  thia  direction  iJ  the  laiae  on  the 
same  Burface,  being  usually  in  the  caae  of  a  cavity  towards  the 
external  orifica 

There  is  not  only  rhythmicality  in  the  movametit  of  m  iingle 
cilium,  but  each  acts  in  harmony  with  ite  falJowt  in  the  aaina  eall, 
and  on  neighbouring  eells. 

The  uses  of  cilia  can  from  the  above  be  almcNit  gooaeed ;  in  Urn 
respiratory  passages  they  create  a  current  of  mnctis  with  eataiigkd 
dust  towards  the  throat ;  in  the  Fallopian  tube  or  oviduct  tb^y  aiiiit 
the  ovum  on  its  way  to  the  uterus;  in  the  gtdlet  of  the  frog  tliey  a^ft 
downwards  and  assist  awaUowing;  in  the  ciliated  protOdsoa  they  are 
locomotive  organs.  Over  the  gilfs  of  miumo  fmirotlf  timj  keep  up  a 
fresh  supply  of  water,  and  in  the  caae  of  the  nytifflfii,  which  are  flsed 
animals,  the  current  of  water  brings  food  to  the  month. 

Ciliary  motion  is  independent  of  the  will,  and  of  the  inflitesee 
of  the  nervous  system.  It  may  continna  for  eeveral  bourt  after 
death  or  removal  from  the  bodyi  provided  the  portioti  of  tiMtie  under 
examination  be  kept  moist.  Ite  independence  of  the  nervoui  i^item 
is  shown  also  in  its  occurrence  in  the  lowest  invertebrate  anunali, 
which  are  tmprovided  with  anything  anabgoni  to  a  nervoua  ayitem. 
The  vapour  of  ether  or  chloroform  and  carbon  dioxifle  arrest  the 
motion,  but  it  is  renewed  on  the  discontinuanca  of  the  application. 
The  movement  ceaaes  when  the  cilia  are  deprived  of  oxygen,  although 
it  may  continue  for  a  time  in  the  absence  of  frm  oxygen,  hut  i* 
Tavived  on  the  admission  of  this  gaav  The  contact  of  varioiui  suh- 
stances*  €.g.,  bUe,  strong  acids,  and  alkalis,  will  stop  the  m(*titjn 
altogether ;  but  this  depends  on  destruction  of  ttie  ddiaite  subitaiice 
of  which  the  dlia  are  compoaed*    Temperatiiree  above  45 '  C\  and  neat 
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0''  0.  Btop  the  movementp  whereas  moderate  heat  and  dilute  alkalis 
are  favourable  to  the  action,  and  revive  the  movement  after  temporary 
cessation.  The  exact  explanation  of  ciliary  movement  is  not  known ; 
whatever  may  be  the  exact  cause,  the  movement  must  depend  upon 
some  changefl  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  call  the  movement  ceaaes,  and 
when  severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the 
cell,  the  attached  and  not  the  severed  portions  continue  the  move- 
ment It  has  been  suggested  by  Engelmann  that  the  contractile  part 
of  the  protoplasm  is  only  on  the  concave  side  of  a  curved  cilium,  and 
that  when  this  contracts  that  the  cilium  is  brought  downwarda; 
where  relaxation  oecursj  the  cilium  rebounds  by  the  elastic  recoil  of 
the  convex  border. 

Schafer  has  suggested  that  the  flow  of  hyaloplasm  backwards  and 
forwards  will  explain  ciliary  as  it  will  amoeboid  movement.  In  an 
amoeboid  cell,  the  spongioplasm  is  irregular  in  arrangement,  hence  an 
outflow  of  hyaloplasm  from  it  can  occur  in  any  direction.  But  in 
the  curved  projection  called  a  cilium,  the  hyaloplasm  can  obviously 
flow  in  only  one  direction  into  the  cilium  and  back  again.  The  flow 
of  hyaloplasm  into  the  cilium  will  raise  the  pressure  there  and  cause 
it  to  straighten  ;  a  movement  in  the  reverse  direction  will  cause  the 
cilium  to  curve. 

The  action  of  dilute  alkalis  and  acids  on  cilia  is  interesting. 
DUute  acids  atop  ciliary  motion ;  and  cilia,  if  allowed  to  act  in  salt 
solution  for  a  time,  get  more  and  more  languid,  and  finally  cease 
acting;  in  popular  language  they  become  fatigued.  Now  we  shall 
find  in  muscle  that  fatigue  is  largely  due  to  the  aocumulation  of  the 
acid  products  of  muscular  activity ;  remove  the  sarco-lactic  acid  and 
fatigue  passes  offi  It  is  probable  that  the  same  occurs  in  other 
contractile  tissues;  the  cilia  gradually  Btop,  due  to  acid  products  of 
their  activity  collecting  around  them ;  when  these  are  neutralified 
with  dilute  alkali  the  cilia  resume  activity 
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Transitional  Bplthellum, 

This  tenn  has  been  applied  to  ceils  which  are  neither  arranged 
in  a  single  layer,  as  is  the  case  with  simple  epithelium,  nor  yet  in 
tfiany  superimposed  strata,  as  in  stratified  epithelium;  in  other 
words,  it  ia  employed  when  epithelial  cells  are  found  in  two,  three,  or 
four  superimposed  layera 

The  upper  layer  may  be  either  colunmar,  ciliated,  or  squamous. 
When  the  upper  layer  ia  columnar  or  cDiated  the  second  layer  con- 
sists of  smaller  ceils  fitted  into  the  inequalities  of  the  cells  above 
them,  as  in  the  ti'achea  (fig.  42). 

The  epithelium  which  is  met  with  lining  the  urinary  bladder  and 
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uraters  is,  however,  the  tranaitional  par  €xcdlm.c$.  In  this  variety 
there  ai-e  two  or  three  layers  of  cells,  the  upper  being  more  or  less 
flattenetl  according  to  the  full  or  collapsed  condition  of  the  organ, 
their  imder  aurfaee  being  marked  with  one  or  more  depressions,  into 
which  the  heads  of  the  next  layer  of  club-shaped  cells  fit.  Between 
the  lower  and  narrower  parts  of  the  second  row  of  cells  are  fixed  the 


Fio.  **.— Bpitbellain  M  tbe  bkddpr.  a,  one 
of  the  @4llB  or  th4»  first  row ;  h^  *  09B  of 
th«i  second  row :  e,  ci?1U  in  titw^  of  flint » 
lecoDd,  and  deepest  Jnyeni.  (Obemtaioer.} 


Fpi.  45.— Trmiifiltlonil  ctpfthotial  calls 
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idetttbnuie  of  ths  bladder  of  th« 
rabbit.    (\\  D.  HarTto.) 


LTTegolar  cells  which  constitute  the  third  row;  sometimes  a  fourth 
row  is  present  (fig,  44).  If  a  scraping  of  the  mucous  membrane  of 
the  bladder  is  teased^  and  examined  under  the  microscope,  all  these 
forms  may  be  made  out  (fig.  45).  Each  cell  contains  a  large  nucleus, 
and  the  larger  and  superficial  cells  often  possess  two. 


A*' 


Stratified  BpitheUum. 

The  term  Uratified  epithelium  is  employed  when  the  cells  forming 
the  epithelium  are  arranged  in  a  considerable  number  of  super- 
imposed layers.  The  shapa  and  size  of  the  cells  of  the  different 
layers,  as  well  as  the  number  of  the 
layers,  vary  in  different  situations ;  but 
the  superficial  cells  are,  as  a  rule,  of  the 
squamous,  or  scaly  variety,  and  the 
deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers 
are  of  different  shapes,  but  those  of  the 
middle  layers  are  more  or  less  rounded. 
The  superficial  cells  are  broad  and  over- 
lap by  their  edges  (fig.  46),  Their  chemical  composition  is  different 
from  that  of  the  underlying  calls,  as  they  contain  keratin,  and  are 
therefore  homy  in  character. 

The  really  cellular  nature  of  even  the  dry  and  shrivelled  scales 
cast  off  from  the  surface  of  the  epidermis  can  be  proved  by  the 
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application  of  oaustic  potash,  which  rapidly  causes  them  to  swell 
and  assume  their  original  form.  Their  nuclei,  however,  have 
disappeared. 

Tho  squamous  cells  exist  in  the  greatest  number  of  layers  in  the 
epidermis  or  superficial  part  of  the  skin;   the  most  superficial    of 
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these  are  being  continually  removed  by  friction,  and  new  cells  from 
below  supply  the  place  of  those  cast  off 

In  many  of  the  deeper  layers  in  the  mouth  and  akin  the  outline 
of  the  cells  is  very  iiTegular,  in  consequence  of  processes  passing 
from  coll  to  cell  across  these  intervals. 

Such  cells  (fig.  48)  are  termed  *^ ridge  and  furrow/'  ''cogged"  or 

{*prickle*'  cella     Thoso  ** prickles"  are  prolongations  of  the  intra- 

eellnlar  network  which  run  across  from  cell  to  cell,  thus  joining  them 

.,, ,  ■■  r..  together,  the  interstices  being  filled  by 

"*'^" '"'  lymph  and  transparent  inter-cellular 

cement  substance.   When  this  increases 

in  quantity  in  infiammation  the  cells 

L*vjfl»  ^MmHWM  ^^^B^        ^^®  pushed  further  apart,  and  the  con- 

^IW  VBm^^^^k^         necting  fibrils  or  ''  prickles  "  are  elon- 

^'jtiliiSVfjHK^k.  gated  and  therefore  more  clearly  visible. 

This  tonivection  of  ct^il  to  cell  is  sometirties 
spoJien  of  fi£  eoTtfinuitiif  of  profoplaitm  ;  the  satne 
occurs  in  involurrtary  muscular  tissue^  It  is 
Vf  ry  niarked  m  the  tissues  of  many  plants* 

The  columnar  cells  of  the  deepeat 

layer  are  distinctly   nucleated;   they 

ly  lamiUy  ^^y  diviaion ;  and  as  new  cells  are  formed  beneath, 

tlk&  o\der  cells  forwards  to  be  in  turn  pressed  forwards 

luintdg  iho  Burfaco*  gradually  becoming  flatter  in  shape 

bOQUbCfii^^^  until  tuey  are  cast  off  from  the  surface, 

liSS'Mii  ia  found  in  the  following  situations:— (1) 

^iltei^ covering  tho  whole  of  the  external  surface  of 

t-  *^"l3BiiSi  (h(Q  mucoas  membrane  of  the  nasal  orifice. 
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tongue,  mouth,  pharjmx,  and  o&sophagus;  (3)  As  the  conjunctival 
epithelium,  covering  the  cornea;  (4)  Lining  the  vagina  and  the 
vaginal  part  of  the  cervix  uteri 

Nutrition  of  Epithelium. 

Epithelium  has  no  blood-vessels;  it  is  nourished  by  lymph. 
When  the  blood  is  circulating  through  the  thin-waUed  small  blood- 
veBselfl  in  the  tiasues  beneath  the  epithelium,  some  of  its  fluid  con- 
stituents escape.  This  fluid  is  called  lymph;  it  penetrates  to  all 
parts  of  the  cellular  elements  of  tissueB  and  nourishes  them.  In  the 
thicker  varieties  of  epithelium,  the  presence  of  the  irregular  minute 
channels  between  the  prickle  cells  (fig.  48)  enables  the  lymph  to  soak 
more  readily  between  the  cells  than  it  would  otherwise  be  able  to  do. 
Epithelium  is  also  destitute  of  nerves  as  a  rula  But  in  stratified 
epithelium,  particularly  that  covering  the  cornea  at  the  front  of  the 
eye  and  in  the  deeper  layers  of  the  epidermis,  a  plexus  of  nerve 
fibrils  is  found. 

"  Ohemistry  of  Bpithellum, 

There  is  not  much  to  add  to  what  has  been  already  stated  con- 
cerning cells ;  protoplasm  and  nucleus  have  the  same  chemical  com- 
position as  has  been  already  described  in  Chapter  II.  Two  new 
substances  have,  however,  been  mentioned  in  the  foregoing  chapter — 
namely,  mucin  and  keratin. 

Mudn, — This  is  a  widely  distributed  substance  occurring  in 
epithelial  cells  or  shed  out  by  them  (see  goblet  cells,  fig.  39).  It  also 
forms  the  chief  constituent  of  the  cementing  substance  between 
epithelial  cells.  We  shall  again  meet  with  it  in  the  intercellular 
substance  of  the  connective  tissues.  The  mucin  obtained  from 
different  sources  varies  somewhat  in  composition  and  reactions,  but 
they  all  agree  in  the  following  points : — 

(a)  Physical  character ;  viscid  and  tenacious. 

(b)  Precipitabiiity  from  solutions  by  acetic  acid.     Tliey  all  dis- 

solve in  dilute  alkalis,  like  lime-water 

(o)  They  are  all  compounds  of  protein,   with  a  carbohydrate 

material ;  by  treatment  with  mineral  acid  this  is  hydrated 

into  a  reducing  but  non- fermentable  sugar-like  substance. 

The  substance  mucin,  when  it  is  formed  within  cells  (goblet  cells, 

cells  of  mucous  glands),  is  preceded  in  the  cells  by  granules  of  a 

substance  which  is  not  mucin,  but  is  readily  changed  into  mucin. 

This  precursor,  or  mother- substance  of  mucin,  is  called  muci^m  or 

Keratin,  or  homy  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns.     It  is  very 
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insoluble,  and  chiefly  differs  from  other  ])rotein8  in  its  high  per- 
centage of  sulphur. 

The  silver  nitrate  reaction  of  cemcntivg  substance.  The  principal 
chemical  reaction  which  is  employed  by  histologists  for  demonstrat- 
ing the  cement  or  intercellular  substance  which  binds  epithelial  cells 
together  was  formerly  supposed  to  be  due  to  the  formation  of  a 
silver-protein  compound  which  was  reduced  by  sunlight  Macallom 
has  conclusively  shown  that  this  is  not  the  case,  but  that  it  is  an 
inorganic  reaction.  Cementing  material  is  specially  rich  in  chlorides 
(mainly  sodium  chloride) ;  the  addition  of  sUver  nitrate  leads  to  the 
formation  of  silver  chloride,  and  it  is  this  which  is  reduced  by  light. 
The  silver  reaction  obtained  in  other  tissues  is  similarly  explained : 
in  fact  silver  nitrate  is  a  micro-chemical  reagent  for  detecting  the 
localities  in  the  body  where  chlorides  occur.  According  to  M^- 
alliim  the  nuclei  of  all  cells  are  entirely  free  from  chloridea. 
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The  connective  tissues  are  the  following : — 

1.  Areolar  tissue. 

2.  Fibrous  tiasua 

3.  Elastic  tissua 

4.  Adipose  tissua 

5.  lEetiform  and  lymphoid  tissues. 

6.  Jelly-like  tissue- 
1.  Cartilage. 

8.  Bone  and  dentina 

9.  Blood. 

At  first  sight  these  numerous  tissues  appear  to  form  a  very 
heterogeneous  gronp,  including  the  most  solid  tissues  of  the  body 
(hone,  dentine)  and  the  most  fluid  (blood). 

But  on  examining  a  little  moi^e  deeply,  one  finds  that  the  group- 
iing  of  these  apparently  different  tissues  together  depends  on  a  number 
af  valid  reasons,  which  may  be  briefly  stated  as  follows ; — 

1.  They  all  resemble  each  other  in  origin.     All  are  formed  from 

the  mesoblast,  the  middle  layer  of  the  embryo, 

2.  They  resemble  each  other  structurally;  that  is  to  say,  the 

cellular  element  is  at  a  minimum^  and  the  intercellular 

material  at  a  maximum. 
Z,  They  resemble  each  other  functionally ;  they  form  the  skeleton, 

and  act  as  bindiiig,  supporting^  or  connecting  tissues  to  tlio 

softer  and  more  vital  tissues. 

An  apology  is  sometimes  made  for  calling  the  blood  a  tissue. 

[because  one's  preconceived  idea  of  a  tissue  or  texture  is  that  it  must 

be  something  of  a  solid  nature.     But  all  the  tissues  contain  water. 

Muscular  tissue  contains,  for  instance,  at  least  threeK^uarters  of  its 

weight  as  water    Blood,  after  all,  is  not  much  more  liquid   than 

Lmusela     Blood,  moreover,  contains  cellular  elements  analogous  to  the 

[cells  of  other  tissues,  but  separated  by  large  quantities  of  a  fluid 

[intercellular  material  called  blood -plasma* 
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Blood  is  also  mesoblastici  and  thus  the  two  first  charaotdristios  of  i 
a  connective  tissue  are  present.     It  does  not  fulfil  the  third  cooditian 

hy  contributing  to  the  support  of  the  body  as  part  of  the  skeleton^ 
but  it  does  so  in  another  sense,  and  serves  to  support  the  body  byj 
conveying  nutriment  to  all  parts. 

Areolar  Tissue. 

This  is  a  very  typical  connective  tissua     It  has  a  wide  distribu- 
tion, and  constitutes  the  subcutaneous,  subserous,  and  submncoua] 
tissues.     It  forms  sheaths  (fasciie)  for  muscles,  nerves,  blood-vessels, 
glands,  and  intertial  organs,  binding  them  in  position  and  penetra- 
ting into  their  interior,  supports  and  connects  their  individual  parts. 

If  one  takes  a  little  of  the  subcutaneous  tissue  from  an  animal, 
and  stretches  it  out  on  a  glass  elide,  it  appears  to  the  naked  eye  like 
a  soft,  fleecy  network  of  &ae  white  fibres,  with  here  and  there  wider 
fibres  joining  it.     It  is,  moreover,  elastic. 

But  in  order  to  make  out  its  structure  accurately,  it  is  necessary 
to  examine  the  thinnest  portions  of  the  film  with  the  microscope,  and 


Tta.  -to.— Bnnil1e»  Qt  l\m  wlilte  fibnt  of  ftrftoUr  ttuue  psrtly  om^rdled.    (AiWr  SliAipo^ J 

the  action  of  staining  and  other  reagents  may  then  be  also  studied.  I 
By  such  means  it  is  seen  that  this  tj^ical  connective  tissue  consists  1 
of  four  different  kinds  of  material,  or,  as  they  may  be  termed^  histo* 
logictd  dements.    They  are : — 

(a)  Cells,  or  connective-tissue  corpusclea 

(b)  A  homogeneous  matrix,  ground   substance,  or  intercellular 

materiaL 

(c)  White  fibres  |  .^^^^^  ^  deposited  in  the  matrix. 

(d)  yellow  or  elastic  fibres  j 
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In  conaidermg  these  torn:  histological  elements  we  may  first  take 
the  fibres,  because  they  are  the  moat  obvioua  and  abundant  of  the 
structures  observable. 

The  white  fibres.  These  are  exqtdeitely  fine  fibres  collected  into 
bundles  which  have  a  wavy  outline*  The  bundles  run  in  dififerent 
directions,  forming  an  irregular  network,  the  meshes  between  which 
are  called  areolm;  hence  the  name  areolar.  The  individual  fibres 
never  branch  or  join  other  fibres,  but  they  may  pass  from  one  bundle 
to  another. 

On  treatment  with  dilute  acetic  acid  they  become  swollen  and  in- 
distinct, leaving  the  other  structures  mixed  with  them  more  apparent. 


FlQ,  60,— Bltotle  flbr^torjiroQlar 


■wqUqd     by     icfiUc 
wjia,    (Toldt.) 


The  J  are  composed  of  the  chemical  substance  called  collagen.  On 
boUir^  they  yield  gdaiin;  some  chemists  regard  collagen  as  the 
anhydride  of  gelatin;  but  whether  this  is  so  or  not,  the  gelatin  is 
undoubtedly  derived  from  the  collagen.  Gelatin  is  a  protein  though 
it  has  certain  characters  which  distiuguit^h  it  from  most  members  of 
the  large  protein  family.  Its  most  characteristic  property  is  its 
power  of  jellying  or  gelatinising ;  that  is,  it  is  soluble  in  hot  water, 
but  on  cooling  the  solution  it  sets  into  a  jelly. 

Tke  yellow  or  elastic  fibres.  These  are  seen  readily  after  the  wliite 
fibres  are  rendered  almost  invisible  by  treatment  with  dilute  acetic 
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acid,  or  after  etainuig  with  such  djes  as  magenta  and  orcein,  for  which 
elastic  6bres  have  a  great  aflBaity.     They  are  bigger  than  the  white 


PlO.  SSr.— HoriacmUl  f.repiM*ticiii  of  tha  ooTtnii  of 
flPog,  ttAlnaci  with  gold  chloride ;  tbowLog  thf? 
network  of  bnmclied  corneal  oorpiuKsles.  The 
ground  ttibatimoa  It  oomptetiafy  colotLrlesii. 
X  *00.    (Klein.) 


Ficr,  5S.— HauiiQed  plgmetiti^ 
cflUfi,  ^m  tbfl  tiUBDe  of 
t)iQ  choroid  co«t  of  tlt« 
eyiu  ^  »60,  ti,  Oil  with 
plgmaut ;  h,  colourlfHW 
fbitform    oslli.     (KoUl- 


fibres,  have  a  distinct  outline,  and  a  straight  course ;  they  run  singly, 
branch,  and  join  neighbouring  fibres  (fig.  60). 

The  material  of  which  the  elastic  fibres  are  composed  is  called 

■^  J  ^^  elastin,   another    somewhat    exceptional 

^^|HF^     M^  protein.     It  is  imal tared,  as  we  have  Been, 

^^f"        ^^  by  dilute  acid.     It  also  resists  the  action 

of  very  strong  acid,  and  is  not  affected  by 

boiling  water. 

The  bundles  of  white  fibres  which  have 
l>een  swollen  out  by  dilute  acetic  acid 
sometimes  exhibit  constrictions  as  in 
fig.  61.  These  are  due  to  elastic  fibres  or 
cell  processes  encircling  them  and  pre- 
venting the  swelling  at  those  points. 

ConnscHve-tissue  corpuscles.  These  are 
the  Gells  of  connective  tissue:  seveml 
varieties  may  be  made  out,  especially 
after  a  preparation  has  been  stained. 

1.  riattened  cells,  branched,  and  often 
united  by  their  processes^  as  in 
the  cornea. 

2.  Flattened  cells,  unbranched,  and 
joined  edge  to  edge  like  the  cells  of  an  epithelium ;  these  are 
well  seen  in  the  sheath  of  a  tendon. 

Plasma  cells  of  Waldeyer,  varying  greatly  in  size  and  form, 
but  not  flattened.     The  protoplasm  is  much  vacuolated. 


4 


Plo*  S>1.— Flftt,  plgiupQtpjf  bruiclied 
cDii[u?ctW«-tliisutt  cellB  from  tb« 
«.htAib  of  a  large  bloofl-VBuel  oF 
ibe  fifog^s  mesentety ;  tbe  pl^ent 
li  not  fUstribaied  nnmrfmlf 
tbrotigbciiit  Ibfl  subfltanca  or  tbis 
larger  €^11,  coiw?(tiictQtl]r  kodk.^ 
partaDntlDOli  1>laclcerth»noUier» 
(uneotitTactod  Atat4^/!>.  Id  thu  ^wo 
amaller  mHIm  moat  of  the  plgtnsDt 
I*  wlbbdrawn  Into  the  call- mdyi  kj 
tbat  fhcy  appear  ■tniUfir,  blacker^ 
And  Ibs9  bfucbed.  x  ftSd*  (Elolli 
aud  Nobles  Emltb.) 


3. 
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4  Granule  cells  ("mast"  ceUs  of  Ehrlich)!  lite  plasma  cells,  but 
containing  albuminous  gmnules  (stainable  by  basic  anilLne 
dyes)  instrnd  of  vacnolea, 

5.  Wander  cells:   white  blood*corpusc!ea  which  have  emigrated 

from  the  neighbouring  blood-vessels, 

6.  Pigment  cells:  these  are  seen  in  the  subcutaneous  tissues  of 

many  animalsp  6.g.,  the  frog,  and  in  the  choroid  coat  of  the 
eyebklL 
Fig.  55  shows  a  highly  magnified  view  of  a  small  piece  of  sub- 


> 


g-\ 


^[Q«  55,-^AnQlAT  tla«ue»    Tbe  white  fibns&r«  leciti  tu  w&vy  bundltu;  the  «l*atio  fibres  fofin  us  op«n 
tiptwork,   |t,  Pt  V\Mm%  coUi^  ^,  emmle  eall ;  c,  c,  Umiiilkj  civile;  A  AbdllftUiid  cell.    {AJ[»t 

gufcaneous  tissue,  and  illustrates  the  irregular  way  in  wluch  the  fibres 
md  ceUs  are  intermixed. 

Th€  ground'Suhstance,  This  may  be  represented  in  fig.  55  by  the 
white  background  of  the  paper, 

It  may  be  readily  demonstrated  in  a  silver  nitrate  preparation ; 
for  the  intercellular  material  has  the  same  property  of  reducing  silver 
salts  in  the  sunlight  that  the  cement-material  of  epithelium  has  (see 
p,  34).  It  becomes  in  consequence  dark  brown,  with  the  exception 
of  the  spaces  occupied  by  the  corpuscles. 

The  spaces  intercommunicate  like  the  cellSj  and  being  consider- 
ably  larger  than  the  cells  form  a  ramifying  network  of  irregular 
channels,  which  were  first  termed  by  v.  I^klinghausen  the  Sc^ 
Kanalchm,  or  little  juice  canals.     Areolar  tissue  is  certainly  pro- 
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The  fibres  are  subsequently  deposited  m  thie  matrix.  At  one  timo 
it  was  believed  that  the  cells  themselves  became  elongated  and 
converted  into  fibres.  No 
doubt  the  cells  do  exercise 
a  controlling  influence  on 
fibre  -  formation  in  their 
neighbourhood,  but  it  is 
certain  that  they  never  ^ 
become  fibrea  The  forma- 
tion of  fibres  is  ijatercel- 
Inlar.  Some  of  the  fibres 
formed  are  of  the  whitOi 
othera  of  the  yellow  variety. 
In  the  case  of  the  elastic 
fibres,  rows  of  granules  of  fi^ 
elastin  are  first  deposited; 
theee  joimng  together  in 
single  or  multiple  rows  form 


f — A' 


Ann  gr^nal^.    ff^  Fibres  l»|ng  tormoA  %  rawi  of 


elastic  i^nmulfv;    P»  plAlfllfkn  «ii 

subcitajic^  form"?*]  by  tlio  tUhlan  of  «}Mttc  ifrfttmh*. 


the  long  fibres :  traces  of  this  are  seen  in  transverse  markings  ocm- 
sionally  noticeable  in  the  larger  elastic  fibres. 


} 


Fibroua  Tissue, 

This  is  a  kind  of  connecti%'e  tissue  in  which  the  white  fibres  prO' 
dominate;  it  is  found  in  tendons  and  ligamenta,  in  the  periosteutn^ 

dura  maler,  tros  skin,  the  s^li^rr^tic 
"]})pl  '^^\\  coat  of  the  eye,  and  in  the  thicker 

fascia  and  aponenroQes  of  muacle* 

The  tissue  is  one  of  graot 
strength;  this  is  eonfarrad  upon 
il  by  iJie  armogsiseiit  of  tlm  fibres 
the  bimdlee  of  wbieh  nm  pamlld, 
miMiii  becQ^  as  ebewbere,  gnru% 
]  «lfmtlL    Tim  fibres  of  the  aum 

bnndb  ii0ir  ud  tbm  intersect  each 
otber.  The  oeQi  in  imdom  (% 
61)  are  totp&d  to  taka  op  a  tuajkr 
orderly  MmagammM^  mi  mm  ir* 
ranged  is  ioitg  nasBiiD  toagilNttid* 
fitlitfrififn  iopiritinfl  tbe  brnfflii  <if 
Sbna,  a&d  ace  mom  or  laai  Af»- 
isflymgadfilateiil  with  lawatwaid 
nticM  eoiitaixiiiig  luieleoii  wU^ 

cooiigiioQB  in  tao  arik    Eadb  qf  llieaa  eaUa  cfBDiiiti  0I  m  IhiA  bodj 
from  whieb  procai^a  pa»  m  firiow  jJiaaslMii  kidv  Md  parCWIir  J 
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up  the  spaces  between,  the  bundles  of  fibres.    The  cells  are  genemUj 
marked  by  one  or  more  Imes  or  stripes  when  viewed  longitudinally. 


m^  -^i 


II 


Fio.  6L— C^udil  tentlou  of  yainig  r*t,  ahowfnfi  Ute 
«n%ngenieut,  furtij ,  and  BtmctUTis  of  liiv  teadoli 
b«ilU.  Thn  buiitlli^ii  of  whitd  Bbit^s  trntwawi 
whlnta  ttvew  Ua  b&ve  been  rendered  tnnR|>ueDt 
Mtd  ludlnlnct  by  th^  ^E^pUcnUati  of  &i7«tl€ 
Mid.     X  waft.    Ci^leln.) 


laDdoQ  fkim  A  croid  sectiaa  of 
Ibd  tftiJ  of  4  nbUX,  vhowliif 
itM»th,  tlbmun  #i»fU,  umT 
bfmnehect  teudon  cerlls.  The 
ipacM  left  white  in  the  dcmw* 
Itig  repfflBent  tin*  tendiooM 
btindlsfl  in  trajLivene  Mtotiom 
>:  £60,    (Klein,) 


This  appearance  is  really  produced  by  the  wing- like  processes  of  the 
cell,  which  project  away  from  the  chief  part  of  the  cell  in  different 
directions.  These  processes  not  being  in  the  same  plane  as  the  body 
of  the  cell  are  out  of  focus,  and  give  rise  to  these  bright  stripes  when 
the  cells  are  looked  at  from  above  and  are  in  focus. 

The  branched  character  of  the  cells  is  seen  in  transverse  section 
in  fig.  62. 

The  cell  spaces  in  which  the  cells  lie  are  in  arrangement  like  the 


Fid.  OS.— Cell  apftoe*  of  timdooj  hronglit  Itiit^  vitvf  by  tivatoietit  wiUi  iUvet  nJtnto. 
(Aftet  Bcbafer.) 

cells  ;  they  can  be  brought  into  relief  by  staining  with  silver  nitrate 
(see  fig.  63), 
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Elastic  Tissue. 

Tliie  is  a  form  of  connective  tisaue  in  which  the  yellow  or  elastic 
fibres  predominate.  The  yellow  fibres  are  larger  than  thoae  found  in 
areolar  tissue  (see  fig.  64),  and  are  bound 
into  bundles  by  areoJar  tissua  It  is  found 
in  the  Ugamentum  nuchse  of  the  ox,  horse, 
and  many  other  animals;  ia  the  liga- 
menta  subflava  of  man ;  in  the  arteries 
and  veins,  constituting  the  fenestrated  coat 
of  Henle;  in  the  lungs  and   trachea;  in  mv\iiv\ux^v 

the  stylo-hyoid,    thyro-hyoiJ,    and    crieo    \Qa  AMwVw^ 
thyroid  ligainenta;  and  in  the  true  vocal 
cordfiL 

Elastic  tissue  occurs  in  various  forms, 
from  a  structureless,  elastic  m^nbrane  to 
a  tissue  whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  difTereut 
angles;  when  seen  in  bondlee  elastic  fibres 
are  yellowish  in  colour,  but  tiuUvidual 
fibres  are  not  so  distinctly  coloured.  The 
kiger  elastic  fibres  are  often  transversely 
marked,  indicating  their  mode  of  anffn 
(see  p.  41),  and  on  transvefoe  8ecti0n  are 
(fig.  65). 

Elastic  tissue,  being  extanBible  and  elastic  («.«.,  recoiling  after  it 

stretched),  has  a  most  impottftQt 


rm.  «--^ 


SlMUc  ftfefw  fhin  ilw 

seen    to    bo   angular 


Pf^^'^^^       ^  assisting  nmscukr  tiiiiie  in   a 


y^ 


way^  sad  so  i 


^^       an  mipoirttt0jt 
Ugaaiecita 
eoliimii  it 


tbd^ 


and  tosrof  MOb 


as  musela    Thii%  in  tim 
of    tbft   butnan    vertebial 
in  tha  maintflnanee  of  Ibe 
AudUB  in 
ill  th#  tttiiiijg 
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ecad  poitttm;   in  Ibe 

ihefieek  of  qoadfiipadt  it 

of  the  hmd  mod  in  hmpbo^  it  in  that . 
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gabcutaoeoiis  tiflsue  of  the  eyelids,  penis  and  gcrotum,  the  nymphfle, 
and  the  cavity  of  the  craniimt 

Adipose  tissue  is  developed  in  connection  with  areolar  tissue,  and 
forms  in  its  mdabes  little  masses  of  unequal  ai2e  and  irregular  shape, 
to  which  the  term  Icbulss  is  applied. 

Under  the  microscope  adipoae  tissue  is 

found  to  consist  essentially  of  little  vesiclee 

or  cells  which  present  dark,  sharply-defined 

edges  when  viewed  with  transmitted  Hghtt 

they  are  about  ^^  or  ^^  of  an  inch  in 

diameter;  each  consiats  of   a  structureless 

and  colourless  membrane  or  b^  formed  of 

the  remains  of  the  original  protoplasm  of 

the  cell,  filled  with  fatty  matter,  wMch  is 

liquid  during  life,  but  is  in  part  solidified 

Fto.  6.^.-F4i'«iiifl   from    the    (or  sometimes  Qrystallised)  after  death.     A 

nucleus  is  always  present  in  some  part  or 

other  of  the  cell  protoplasm,  but  in  the  ordinary  condition  of  the  cell 

it  is  not  easily  or  always  visible  (fig.  67). 

This  membrane  and  the  nucleus  can  generally  be  brought  into 
view  by  staining  the  tissue:  it  can  be  still  more  satisfactorily  demon- 
strated by  extracting  the  contents  of  the  fat-eells  with  ether,  when 
the  shrunken,  shrivelled  membranes  remain  behind.    By  mutual  pres- 


Fio,  €r.—Qtmp  gI  lkt-o«1U  (r  <?)  wt  tit  aplllur  rnuftU  (c),    <Nobb  Smltli.) 

sure,  fat-cells  assume  a  polyhedral  figure  (fig.  68,  h).  When  stained 
with  osmic  acid  fat-ceils  appear  black. 

The  oUy  matter  contained  in  the  cells  is  composed  of  the  com- 
pounds of  fatty  acids  with  glycerin,  which  are  named  olein,  stearin, 
and  palmUin, 

Development  of  Adipose  Tlaflue. — Fat-cells  are  developed  from 
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connective-tissue  corpuscles,  especially  the  "  mast  "-cells ;  these  cells 
may   be    found    exhibiting  every    iutennediate    gradation    between 


fit      ^  ^,,^  f  ■•  ■■  -i 

c  r  V 

Fio.  a9.— A  tobul»o(  dtYtloptngadlpoia 
tliwufl  fanm  ma  edgbt  months'  mtaft. 
a,  Spheifdl  or^  fttim  prttwurB, 
polybedml  coUm  with  Urg**  cedtral 
nucleus,  aurTDuiidod  In*  protoplium 
it4liilii^  uniformly  witn  nsroAtoxx* 
lin.  &,  8linnArci?lij  with  apifccw  ftoni 
which  the  iht  taBji  been  removed  by 
qU  of  dovM.  Ci  SimUsT  «lli  ilKinv'^ 
itig  bo«  the  Dijcleu4  with  eadootug 
prototilAain  ti  being  protead  towiidi 
portpbf(r>\  di  N'udeui  of  endth 
llx&lluni  of  invMtkisr  c&plUfiriefl. 
(M'Cbrtby.)    Dnwn  by  Tteves, 
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Fio.  06^_filood-va«<MlH  of  adlpoae  tlsjut).  a,  MtnatQ  fit'lobiilo, 
la  irbl^  Ibe  vei»ek  ooly  «ra  reprevQntod.  0,  iftfari ; 
9,  Trfni  ip  the  fct-ve«iclfii  of  One  bofder  of  the  lobqlo 
•■Itu&ltd^  teptiiaetited^  >:  100.  ei,  PUn  of  the  inmngv* 
mim% of  tbe  captllirlen  (e)pn  tb e  eitberioi'  of  the  YeolelM ; 
fmm  Mgblj  niAgaiSed.    (Todd  and  BowitumO 


an  ordinary  granular  corpuscle  and  a  mature  fat-celL     The  pioceaa 
of  development  is  as  follows:  a  few  small  drops  of  oil  make  their 


Flo,  70.— Bimncbiid  oonniicUre-tlRsao  ccktpURdest  deTioloptnij  Into  fut-^nlU.    (Klein*) 

app^rance  in  the  protoplasm,  and  by  their  confluence  a  larger  drop 
is  produced  (figa  69  and  70) :  tliis  gradually  increases  in  size  at  the 
expense  of  the  original  protoplasm  of  the  c^ll,  which  becomes  cor- 
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rsspondingly  dimiEtahod  in  quantity  till  in  the  mature  cell  it  only  forms 
a  thin  film,  with  a  flattened  nticleus  imbedded  in  its  substance  (fig,  68). 

Vessels  and  Nerves- — A  large  number  of  blood-vessels  are  found 
in  adipose  tiBsue,  which  subdivide  until  each  lobule  of  fat  contains 
a  fine  meshwork  of  capillaries  enaheathing  each  individual  fat-cell 
(fig.  68).  AltJiough  nerve  fibres  pass  through  the  tissue,  no  nen^ea 
have  Ijeen  demonstrated  to  terminate  in  it. 

The  Uses  of  Adipose  Tissue, — Among  the  uses  of  adipose  tissue 
these  are  the  cliief : — 

a.  It  servos  as  a  store  of  combustiblo  matter  which  may  be 
reabsorbed  into  the  blood  when  occasion  requires,  and,  being  used  up 
in  the  metabolism  of  the  tissues,  helps  to  preserve  the  heat  of  the  body. 

k  The  fat  which  is  situated  beneath  the  skin  must,  by  its  want 
of  conducting  power^  assist  in  preventing  undue  waste  of  the  heat 
of  the  body  by  escape  from  the  surface. 

c  As  a  packing  material,  fat  serves  very  admirably  to  fill  up 
spaces,  to  form  a  soft  and  yielding  yet  elastic  material  wherewith  to 
wrap  tender  and  delicate  structures,  or  form  a  bed  with  like  qualities 
on  which  such  structures  may  He,  not  endangered  by  pressure.  As 
examples  of  situations  in  which  fat  serves  such  purposes  may  be 
mentioned  the  palms  of  the  hands,  the  soles  of  the  feet,  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow 
marrow,  fills  the  medullary  canal,  and  supports  the  small  blood- 
vessels which  are  distributed  from  it  to  the  inner  part  of  the  substance 
of  the  bone. 

Retiform  Tissue. 

Eetiform  or  reticular  tissue  is  a  kind  of  connective  tissue  in  which 
the  ground  substance  is  of  more  fluid  consistency  than  elsewhere. 


-.^i^ 
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WiQ,  n.^Betllbnn  llvtuo  tDim  a  lyroph^tie  gkiitdi  from  a  fBcilan  ytliisih  liu  bd«n  tnAted  vritli  dttute 

pciUiih,    CSetuitlsr.) 

There  are  few  or  no  elastic  fibres  in  it^  but  the  white  fibres  run  in 
very  fine  bundles  forming  a  close  network.    The  bundles  are  covered 
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and  concealed  by  flattened  coimective-tiBsue  corpuscles.     Wlien  tlieae 
are  dissolved  by  dilute  potash,  the  fibres  are  plainly  seen  (fig.  71). 

The  statement  has  been  made  that  tfie  fibres  of  retiform  tissue  are  chemically 
different  from  those  of  areolar  tissue,  in  spite  of  the  f^ict  th;it  they  are  indis- 
tinguishable microsi^opically,  and  in  many  places  continuous  with  each  other. 
Misa  Tebb  has  condusively  proved  that  chcnu<'al  differences  do  not  exist  between 
the  two  groups  of  fibrcK  j  both  are  niade  of  eoHagen,  and  the  Kubstanee  termed 
retieulm  by  Siegfried  is  an  artifact ;  it  is  merely  coUagen  which  has  been  rendered 
resistant  and  io soluble  by  the  reagents  (alcohoS,  ether)  used  in  its  preparation* 

Adenoid  or  Lymphoid  Tissue. 

This  is  retif orm  tissue  in  which  the  meshes  of  the  network  are  largely 
occupied  by  lymph  corpuscles.     These  are  in  certain  foci  actively 
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Fru.  73.— Pftrt  of  i  mcUoh  of  i  lymptmtic  k1ul«J,  tmtn  wlilch  the  corpuitcleA  Imvfl  bMn 
for  the  moA^  part  removoti,  showing  tiie  flupponing  ntifonn  tiAsue.  (Kl«tn  modi 
Kobit  Stnltlu)  *i"       e 

multiplying;  they  get  into  the  lymph  stream,  which  washes  them 
into  the  blood,  where  they  become  the  variety  of  colourless  corpuscles 
called  lympliocytes.  It  is  found  in  the  lymphatic  glands,  the  thymus, 
the  tonsils,  in  the  follicular  glands  of  the  tongue,  in  Teyer's  patches,  and 
in  the  solitary  glands  of  the  intestines,  in  the  MalpigMan  corpuscles 
of  the  spleen,  and  under  the  epithelium  of  many  mucous  membranes. 


Basement  Mambmnea. 


These  are  homogeneous  in  appearance,  and  are  found  between  the 
epithelium  of  a  mucous  membrane  and  the  subjacent  connective  tissua 
They  are  generally  formed  of  flattened  connective-tissue  corpuscles 
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joined  together  by  their  edges,  but  sometimes  they  are  made  of  con- 
densed groimd-substance,  not  of  cells,  and  in  other  caaea  again  (as 
in  the  cornea)  they  are  of  elastic  nature, 

Jell3r-like  Connective  Tissue. 

We  have  now  considered  connective  tissues  in  which  fibres  of  one 
or  the  other  kind  predominatei  and  some  in  which  the  cells  are  in 
preponderance.  We  come  lastly  to  a  form  of  connective  tissue  in 
which  the  ground  substance  ia  in  exceas  of  the  other  histological 
elements.  This  is  called  jelly-liko  connective  tiasua  The  cells  and 
fibi'ea  scattered  through  it  are  few  and  far  between.     It  ia  found 


Fio,  73,— TiMua  of  the  Jelly  of  Whirtoti  from  umbilical  conl.    at  OoimecfcJv^-tlsaua 
eoipii!*cki3 ;  &,  iMdcidl  of  counoctlT^-tlMus  flbrei :  c,  iphorfal  coUs.    (FrsyO 

largely  in  the  embryo^  notably  in  the  Whartonian  jelly,  which  sur- 
rounds and  protects  the  blood-vessels  of  the  umbilical  cord.  In  the 
adult  it  is  found  in  the  vitreous  humour  of  the  eya 

Various  points  in  the  structure  of  the  tissue  are  illustrated  in 
figB,  58  (p.  40)  and  73. 

The  occurrence  of  large  quantities  of  ground-Bubstance  in  such 
tissues  has  enabled  phyeiologiBts  to  examine  its  chemical  nature. 
Its  chief  constituents  are  water,  and  one  or  more  varieties  of  mucin - 
like  substances  termed  mucoids  and  mineral  salts  (especially  sodium 
chloride). 
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Hyaline  Cartilage  is  found  m  the  following  places : — 

L  Covering  the  articular  ends  of  bones;  here  it  is  called  artiadar 
cartilage, 

2.  Forming  the  rib-cartilagea ;  here  it  is  called  costal  eartUttg^. 

3.  The  cartiJages  of  the  uose,  of  the  windpipe,  of  the  external 
auditory  meatus,  and  the  graater  number  of  the  lar^xgeal  cartilagea 

4  Temporary  cartilage:  rods  of  cartilage  which  prefigure  the 
majority  of  the  bones  in  process  of  development. 

Articular  cartilage :  here  the  cells  are  rounded  and  scattered  in 
groups  of  two  and  four  through  the  matrix,  which  is  non-fibrillated 
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Fig.  75. — SiKtloti  of  trftntlbUmtJ  cartfUga.    a,  Ordinary  cartilAgQ  oolla ;  6  b>  those  with  prooessM. 

(fig,  74)i  and  much  firmer  than  the  ground-substance  of  the  connective 
tissues  proper ;  but  it  is  affected  in  the  same  way  with  sOver  nitrata 

In  the  neighbourhood  of  synovial  membranes,  the  connective- 
tissue  fibres  of  which  extend  into  the  matrix,  the  cells  are  branched 
{Iramitional  cartilage),  {fig,  75). 

The  next  figure  (fig,  76)  shows  the  general  arrangement  of  the  cell- 
groups  in  a  vertical  Bection  of  articular  cartilaga  Cartilage  is  free 
from  blood-vessels,  and  also  from  nerves*  It  is  nourished  by  lymph, 
but  canals  connecting  the  cell -spaces  are  not  evident, 

Costal  cartilage :  here  the  raatrix  is  not  quite  so  clear,  and  the  oells 
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are  larger,  more  angular,  and  collected  into  larger  groups  than  in 
articular  cartilaga  Under  the  perichondriumt  a  fibrous  membrane 
which  surrounds  the  rod  of  carti- 
lage, the  cells  are  flattened  and 
lie  parallel  to  the  surface;  in  the 
deeper  parts  they  are  irregularly 
arranged ;  they  frequently  contain 
fat  (see  fig,  77). 

The  hyaline  cartilages  of  the 
nose,  larynx,  and  trachea  (fig.  78) 
resemble  costal  cartilaga 

Hyaline  cartilage  in  many 
situations  (costal,  laryngeal,  tra- 
cheal) shows  a  tendency  to  become  calcified  lata  in  life. 

On  boiling,  the  ground-substance  of  cartilage  yields  a  material 
called  ehmdrin.  This  resembles  gelatin  very  closely,  and  the  rliffer- 
ences  in  its  reactions  are  due  to  the  fact  that  chondrin  is  not  a 
chemical  individual,  but  a  mixture  of  gelatin  with  varying  amounts 
of  mucoid  substances, 


Fio,  TO.— Vertical  nsctlon  of  artlculju  cartilngw; 
a,  BtU-gronp^  arnngof]  paratJtjl  to  ^tirfoiiH; 
&,  odll^gTOups  Irragumrlv  arrangisd  ;  c,  oaU- 
ffn>tipi  arrKDged  pcrimndit:ult\f  to  surfkce. 
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Piu.  77,  — CuhLiiI  i:aiUl:i-'.:'  frujij  mi  i%'luU 
dug.    Blowing    mt^globu]^    in     tlif; 


FlOi  71.  -  Ordtnary  hyalluti  cuttlige  tmm 
tncbe*  of  ft  child,  The  cariUftg&* 
I'fJLt  w  eocliiJMHi  liDgly  or  In  pnlra 
in  K  c^pBiilii  of  hyiilmo  aulntatiua. 

Hnnth.) 


WMte  Fibro-Cartilage  oceurs— 

1.  As  intm-'artimdwr  fibro- cartilage — e.g,^  the  semilunar  cartilages 
of  the  knee-joint, 

2.  As  cirmmfermtml  or  marginal  cartilaga,  as  on  the  edges  of  the 
acetabulum  and  glenoid  cavity. 

3*  As  amrusctififf  cartilage — *.^„  the  inter-vertebral  disca 

4*  Tn  the  sheaths  of  tmdons  and  sometimes  in  their  substance.     In 
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the  latter  situation  the  qcmIuIq  of  fibnx^artilage  is  called  a  $mimoid 
fibro-cartilage,  of  which  a  specimen  may  be  found  in  the  tendon  of 
the  tibialis  posticus  in  the  sole  of  the  foot,  and  usuailj  in  the  neigh- 
botiring  tendon  of  tha  peroneus  longusL 

White  fibro-cartilage  (fig.  79)  is  composed  of  celk  and  a  matrix. 
The  latter  is  permeated  by  fibres  of  the  white  variety. 

In  this  kind  of  fibro-cartilage  it  is  not  unusual  to  find  portions  so 
densely  fibrous  that  no  cells  can  be  seen ;  but  in  other  parts  con* 
tinuous  with  these,  cartOage-celis  are  freely  distributed, 

Tellow  or  Elaatlc  Fibro-Cartilage  is  found  in  the  pinna  of  the 
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Fiy*  m,— Whtia  abro-cLrUliigi].    (Cftdftt.) 
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external  ear,  in  the  epiglottis  and  comicula  larjngis,  and  in 
Euskacliian  tube. 

The  colls  in  this  variety  of  cartilage  are  rounded  or  oval,  with 
well-markod  nuclei  and  nucleoli  (tig.  80).  The  matrLs  in  which  they 
are  seated  is  pervaded  in  all  cUrections  by  fine  elastic  fibres,  which 
form  an  intricate  interlacernent  about  the  cells:  a  small  and  variable 
quantity  ot  non-fibrillated  hyaline  intercellular  substance  is  present 
around  tlio  cells. 

Development  of  Cartila£:e. — Like  other  connective  tissues,  car- 
tilage originates  from  mesoblast ;  the  cells  are  unbranched,  and  the 
dis[»osition  of  the  cells  in  fully  formed  cartilage  in  groups  of  two, 
four,  etc,,  is  due  to  the  fact  that  each  group  has  originated  from  the 
division  of  a  single  cell,  first  into  two,  each  of  these  again  into  two, 
and  80  on.  This  process  of  cell  division  is  accompaniefl  with  the 
usual  karyokinetic  clmn^es. 
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Each  cell  deposits  on  its  exterior  a  sheath  or  capsule ;  on  diviaioo 
each  of  the  daughter-cellB  deposits  a  new  capeule  within  this,  and 
the  process  nmy  be  repeated  (see  fig,  81). 

Thus  the  cells  get  more  and  more  separated.  The  fused  capsules 
form  a  very  large  part  of  the  matrix,  and  indications  of  their  previous 
existence  may  sometimes  be  seen  in  fully  formed  cartilage  by  the 
presence  of  faint  concentric  lines  around  the  cells  (see  fig,  77). 

In  a  variety  of  cartilage  found  in  the  ears  of  rats  and  mice  called 


Plo*  fll,  -  Pl*n  of  TOumjilk-iiiiuii  uf  c<,lh  n.  ■...  •  'Ojle;    h^  Jlviil»:i  Into  two, 

«ich  with  A  ca[i!i.ulc  :  r,.  priinxTy  CMpsula  iJiAftpiri-riri*!],  hi  i^FrtHur;-  rJip^iul^  cchpMjnt  with  mitili; 
(I,   tnrtifto'   (livi.iioii  ;      r^    AfKi^rtdAry   capsulM'  diiiappe«twl|    tertiary    oohensnt    with    mabiix. 

(After  JiJtlJLqH!^.) 

cdlnlar  cartilc^e,  the  cells  never  multiply  to  any  great  extent,  and 
they  are  only  separated  by  their  thickened  capsules. 

But  in  most  cartilages  the  cell-caps ules  will  not  explain  the 
origin  of  the  whole  matrix%  but  intercellular  material  accumulates 
outside  the  capsules  and  still  further  separates  the  cells. 

By  certain  methods  of  double  staining,  this  twofold  manner 
pf  formation  may  be  shown  very  markedly.  We  have  seen  that 
chontlrin  obtained  by  boiling  cartilage  is  really  a  mixture  of  two 
substances ;  one  is  a  mucoid  material,  and  comes  from  the  capsulaa ; 
the  other  is  gelatin,  which  comes  from  the  rest  of  the  ground- 
substance  which  is  collagenous.  In  hyaline  cartilage,  however,  the 
collagen  does  not  become  precipitated  to  form  fibres,  but  in  white 
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fibro-cartilag6  it  doea  In  yellow  fibro-cartilage  the  matrix  ia  per* 
vaded  by  a  deposit  of  elastin,  which  results  in  the  formation  of  a 
network  uf  elaatic  fibres. 

Bone. 

Bone  contains  nearly  50  per  cent,  of  water ;  the  solid  material  is 
compoaed  of  earthy  and  animal  matter  in  the  proportion  of  about  67 
per  cent,  of  tlie  former  to  33  per  cent,  of  the  latter.  The  earthy 
matter  is  composed  chiefly  of  calcium  phosphaU,  but  besides  thia, 
there  is  a  small  quantity  (about  11  of  the  67  per  cent.)  of  caldum 
carbonate,  caldum  fluoride,  and  inagnssiii.m  phosphcUe. 

The  animal  matter  is  chiefly  collagen,  whiioh  is  converted  into 
gelatin  by  boiling. 

The  animal  and  earthy  constituents  of  bone  are  so  intimately 
blended  and  incorporated  the  one  with  the  other  that  it  is  only  by 
severe  measures,  as  for  instance  by  a  white  heat  in  one  case  and  by 
the  action  of  concentrated  acids  in  the  other,  that  they  can  be 
separated.  Their  close  union,  too,  is  further  shown  by  the  fact  that 
when  by  acids  the  earthy  matter  is  dissolved  out,  or  on  the  other 
hand  when  the  animal  part  is  burnt  out»  the  shape  of  the  bone  is 
alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  varies 
slightly  in  different  bones  in  the  same  individual  and  in  the  same 
bone  at  diff^erent  ages. 

To  the  naked  eye  there  appear  two  kinds  of  structure  in  different 
bones^  and  in  different  parts  of  the  same  bone,  namely,  the  dense  or 
compact,  and  the  ^ongy  or  cancellous  tissue.  Thus,  in  making  a 
longitudinal  section  of  a  long  bone,  as  the  humerus  or  femur,  the 
articular  extremities  are  found  capped  on  their  surface  by  a  thin 
riiell  of  compact  bone,  while  their  interior  is  made  up  of  the  spongy 
or  cancellous  tissue.  The  sk(^t,  on  the  other  hand,  is  formed  almost 
entirely  of  a  thick  layer  of  the  compact  bone,  and  this  surrounds  a 
central  canal,  the  medtdlary  cavity — so  called  from  its  containing  the 
medulla  or  marrow. 

In  the  flat  bones,  as  the  parietal  bone  or  the  scapula,  the  can- 
celious  structure  (diplo<?)  lies  between  two  layers  of  the  compact 
tissue,  and  in  the  short  and  irregular  bones,  as  those  of  the  carpm 
and  tars^tis,  the  cancellous  tissue  fills  the  interior,  while  a  thin  shell 
of  compact  bone  forms  the  outside. 

Marrow* ^ — There  are  two  distinct  varieties  of  niarrow^ — the  rid 
and  ydlow. 

Bed  marrow  is  the  connective  tissue  which  occupies  the  spaces  in 
the  cancellous  tissue ;  it  is  highly  vascular,  and  thus  maintains  the 
nutrition  of  the  spongy  bone,  the  interstices  of  which  it  fills.  It 
contains  a  few  fat-cells  and  a  large  number  of  m^mm-cdh.    The 
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marrow-cells  are  amcsboid,  and  resemble  large  leucocytes;  the 
granules  of  some  of  these  cells  stain  readily  with  acid  and  neiitTal 
dyes,  but  a  considerable  number  have  coarse  granules  T^hich  stain 
readily  with  basic  dyes  like  methylene  blue.  Among  the  ceils  are 
some  nucleated  cells  of  the  same  tint  as  coloured  blood -corpuscles. 
These  are  termed  erythrohlmis.  From  them  the  coloured  corpuscles 
of  the  blood  are  developed.  There  are  also  a  few  large  cells  with 
many  nuclei,  termed  gimit  cdh  or  myd<yplaxes  (fig.  82). 

Ydhw  marrow  fills  the  medullary  cavity  of  long  bones,  and  con- 
sists chiefly  of  fat-cells  with  numerous  blood-vessels;  many  of  its 
cells  also  are  the  colourless  marrow-cells  just  mentioned. 
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Wbli^b  appears  to  bt)  pbrUy  divided  Into  three  by  oonstrictioiiB ;  \  a  roIL.  x\m  DiKMnuN.  of  which 
showa  ikn  iippeannce  of  being  cr>iigtricted  Into  k  tiuiiibor  of  RmaUDr  ntadtti ;  c^  m  so^al^H  g^ant  m\\ 
Of  tnjTfllopluD}  with  many  Duclr] ;  d^  &,  tm&Uer  m^oloplAj^ai  wttb  tbrei)  nudei ;  c^f » |}ro|Hr  oelk  ol 
Ibi  mjuTow.    (E.  A.  Scbafer.) 


PerloBtetim  and  Nutrient  Blood- veseele.— The  surfaces  of 
bones,  except  the  parfc  covered  with  articular  cartilage,  are  clothed 
by  a  toughi  fibrous  membrane,  the  periosteum ;  and  it  is  from  the 

I  blood-vessels  which  are  distributed  in  this  membrane,  that  the  bones, 
especially  their  more  compact  tissue,  are  in  great  part  supphed  with 
nourishment ;  minute  branches  from  the  periosteal  vessels  enter  the 
little  foramina  on  the  surface  of  the  bone,  and  find  their  way  to  the 
Haversian  canals,  to  be  immediately  described.  The  long  booes  are 
supplied  also  by  a  proper  nutrient  artery  which,  enteriiig  at  some 
part  of  the  shaft  ao  as  to  reach  the  niediillary  cavity,  breaks  up  into 
branches  for  the  supply  of  the  marrow,  from  which  again  small 

I  vessels  are  distributed  to  the  interior  of  the  bone.  Other  small 
blood-vessels  pierce  the  articular  extremities  for  the  supply  of  the 
cancellous  tissue, 

Mic3X)Bcopic  structure  of  Bone. — ^Notwithstanding  the  differ- 
ences of  arrangement  just  mentioned,  the  structure  of  all  bone  is 
found  under  the  microscope  to  be  essentially  the  sama 
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Examined  with  a  rather  higb  power  its  substance  is  lonnd  to 
coutain  a  multitude  of  small  irregubr  spaces,  approximately  fuei- 
form  in  shape,  called  Iclcutue,  with  yery  minute  canals  or  mnaluuli 
leading  from  them,  and  anaatomosing  with  similar  little  prolonga- 
tions from  other  lacunae  (fig.  83).  In  very  thin  layers  of  bone^  no 
other  canals  but  these  may  be  visible ;  but  on  making  a  transverse 
section  of  the  compact  tissue  as  of  a  long  bone,  «.^,,  the  humerus  or 
ulna,  the  arrangement  shown  in  fig.  83  can  be  seen. 

The  bone  seems  mapped  out  into  small  circular  districts,  at  or 
about  the  centre  of  each  of  which  is  a  hole,  around  which  is  an 
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Fin,  SS,— TrsniverM  section  of  eompiiet  booT  tliuiue  (of  hiim6ruji>.  Throe  of  Uiq  GUvorvliti  ciiia1«  am 
ioen,  with  their  coatuntric  ^Vi^% ;  eIkj  llio  Jacuhi^,  with  th«  c*d»IIcuU  aittejldltig  from  thi«m  scrotti 
thii  difectlaii  of  the  Iftinfjlhe.  Th(!  Uav^ntian  bp«rttiTeA  ware  filled  with  ilr  AntTdobri!]  in  grinding 
doiTD  thfl  section,  and  tbf7«fairfl  «p[«»T  blaulc  tn  the  llgurs,  whldi  reprowtiU  thu  ubjiKit  bh  view«3 
The  HAVeraiAH  syBtera*  fti«  M  dwel;  packea  In  \M\%  BfioUon,  tint  icucQly 


with  tniumHtad  light. 

M^y  jukrflificil  l«mellj£  are  vliiitblo. 


X  IMl.    OShRtpear,) 


appearance  as  of  concentric  layers ;  the  lw(m%m  and  canalicuU  follow 
the  same  concentric  plan  of  distribution  around  the  small  hole  in.  the 
centre,  with  which  indeed  they  communicate. 

On  making  a  longitudinal  section,  the  central  holes  are  found  to 
be  simply  the  cnt  extremities  of  small  canals  which  run  lengthwiaa 
through  the  bone,  anastomosing  w^ith  each  other  by  lateral  hranchea 
(fig.  84);  these  canals  are  called  Haversian  canals^  after  the  name 
of  the  physician,  Clopton  Havers,  who  first  accurately  described 
them. 

The  Haversian  canals,  the  average  diameter  of  which  is  -^  of 
an  inch,  contain  blood-vessels,  and  by  means  of  them  blood  is  conveyed 
to  all,  even  the  densest  parts  of  the  bone ;  the  minute  canaliculi  and 
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lacan^  take  up  the  lymph  exuded  horn  the  Haversian  blood-vesaels, 

and  convey  it  to  the  substance  of  the  hone  which  thej  traverse. 
The  hlood'VBssela  enter  the 

Haversian    canals    both    from 

without,  by  traversing  the  small 

holes  which  exist  on  the  surface 

ul  all  bones  teneath  the  perios- 
teum, and  from  within  by  means 

of  small  channels  which  extend 

from  the  medtillary  cavity,  or 

from  the  cancellous  tissue,    TLb 

arteries  and  veins  usually  occu|>>' 

separate  canals,  and  tlie  veins, 

which  are  the  larger,  often  pra- 

sent,  at  irregular  intervals,  small 

pouch*  like   dilatationa      Nerve 

filaments  are  also  found  in  the 

Haversian  canals,  and  a  little 

connective  tissue  with  cleft-like 

lymph  spaces.    The  larger  canals 

may  contain  a  few  marrow  celhk 
The  lacunae  are  occupied  by 

branched  cells,  which  are  called 

hme-ceih^  or  hone-corpuscles  (fig* 

85);   these    closely   resemble    ordinary   branched   connective-tissue 

corpuscles.  Bone  is  thus  essentially  connective  tissue,  the  ground- 
substance  of  which  is  impregnated 
with  lime  salts.  The  bone-cor- 
puscles with  their  processes,  occu- 
pying the  lacunBB  and  canaliculij 
correspond  exactly  to  the  connec- 
tive-ti^ue  corpuscles  lying  in 
branched  spaces.  The  connection 
of  the  lacunae  by  the  canaHculi 
allows  the  nutrient  lymph  to  pass 
from  place  to  place. 

LameUse  of  Compact  Bone. — 
In  the  shaft  of  a  long  bone  three 
distinct  sets  of  lamellee  can  be 
clearly  recognised. 

1.  Circumf&rential  lamella ; 
these  are  concentrically  arranged 
just  beneath  the  periosteum,  and 
around  the  medullary  cavity, 

2.  Haversian    lamellae;     these 
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aie  conoentrioally  arranged  around  the  Haversian  canals  to   the 
number  of  six  to  eighteen  around  each. 

3u  IntintUial  lamellee;  theee  uonnect  tho  gystems  of  Haversian 
lamaUSi  filling  tlie  spaces  between  thenij  and  consequently  attaining 
their  greatest  development  where  the  Haversian  systems  are  few,  and 

The  ultimate  structiire  of  tlie  lamelliE  is  fibrouK.  If  a  thin  film 
bo  poolod  off  the  surface  of  a  bone,  from  which  the  earthy  matter  has 
been  removed  by  acid,  and  examined  with  a  high  power  of  the  micro- 
doope,  it  will  be  found  composed  of  very  slender  fibres  decussating 


<^^^: 


tSS  »ti«  m^r  off 


DadataJ  bcme  At  Aom«  depth  from  X\\%  «uii)M». 
ci,  0.,  r^melliet  Afaawlne  inUrt^nxiBieig  flhrm; 
fc,  d*rk<?r  part,  whew  wveTnl  lauieUiU  ai«  mper- 
nw^l  c,  perramtlngQbretiK  Aperture^i  tluncnigfa 
%MSk  per(bmtlni  ffbnu  had  loused,  an  Been 
e«p«ei4liX  '^  ^^  Utwer  {urt,  a^  tit  of  thn  llgurc^ 
{Allen  Thomson.) 


,     '      of  the  Doints  of  intersection,  aa  if  here  the 

||i,^^y,butc»lj=mgat^  woven  together  (fig.  86)     These  are 

Em  wsre  i^^    .     l^^^  of  Skarpetf;  they  correspond  to  the  white 

L^\]|»  W«f«W»"^''^^J^  fonD  the  source  of  the  gelatin  ohtained 

\  teH  ti  eennBC*^^  tissue,  a 

wvafimW*.         .    .,  „  parietal  bone,  the  kmellie  are  perforated 

*  Usittt  »»*,  M  m  tM  \   ,     .-^  fibres  of  Skarpey,  reaemblmg 

V'IS&«B»a«dttoP«rJ^^^^  rarely  the  elastic  fibres. 

4^mM  \i*  «*i^/  Y    ftllffi  toeether.  and  may  he  drawn  out 

^Ayi^te^^'^«ii™i?  "^T^    /g     87).    These  perforating  fibres 

-^k%k^»l«  WJ  UJTU  aewider  KW       'jjoateum,  and  in  the  adalt 
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Development  of  Bone*— From  the  point  of  view  of  their  develop- 
ment, all  bones  may  \m  subdivided  into  two  classeB : — 

(a.)  Those  which  are  ossified  directly  or  from  the  first  in  a  fibrous 
membrane  afterwards  called  the  periosteum — §.g,,  the  bones  forming 
the  vault  of  the  skull,  parietal,  frontal,  and  a  certain  portion  of  the 
occipital  hones. 

(k)  Those  whose  form,  previous  to  ossification,  is  laid  down  in 
hyaline  cartilage — e.g.,  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied 
in  bones  wliich  are  not  preceded  by  cartilage;  and  without  a  know- 
ledge of  this  process  (ossification  in  m^mbraTie),  it  is  im])os8ible  to 
understand  the  more  complex  series  of  changes  tlirough  wiiich  such 
a  structure  as  the  cartilaginouB  femur  of  tne  fcBtus  passes  in  its 
transformation  into  the  bony  femur  of  the  adult  (ossification  in 
cartiiagey 

Ossification  in  Membrane.— The  membrane,  afterwards  forming 
the  periosteum,  from  which  such  a  bone  as  the  parietal  is  developed, 
consists  of  two  layers — an  external  Jifcraiw,  and  an  internal  ceUidar  or 
mim-gtnetic. 

The  external  layer  is  made  up  of  ordinary  fibrous  tissua  The 
internal  layer  consists  of  a  network  of  fine  fibrils  with  a  large  number 
of  nucleated  cells  {ostmMasts),  some  of  which  are  oval,  others  drawn 
out  into  long  branched  processes:  it  is  more  richly  supplied  with 
capillaries  than  the  outer  layer  It  is  this  portion  of  the  periosteum 
wMch  is  immediately  concerned  in  the  formation  of  bone. 

In  such  a  bone  as  the  parietal,  ossification  is  preceded  by  an  in- 
crease in  the  vascularity  of  this  membrane,  and  then  spicules,  starting 
frora  a  antre  of  ossijkatimi  near  the  centre  of  the  future  bone,  shoot 
out  in  all  directions  towards  the  periphery.  These  primary  bone 
spicules  consist  of  fibres  which  are  termed  mim-gnneik  fibru ;  they 
are  composed  of  a  soft,  transparent  substiince  called  osteogen,  around 
and  between  which  calcareous  granules  are  deposited.  The  fibres  in 
their  preealcified  state  are  likened  to  bundles  of  white  fibrous  tissue, 
to  wMch  they  are  similar  in  chemical  composition,  but  from  which 
they  differ  in  being  stiffer  and  less  wavy,  The  deposited  granules 
after  a  time  become  so  numerous  as  to  imprison  the  fibres,  and  bony 
spiculee  result.  By  the  junction  of  the  osteo-genetic  fibres  and  their 
resulting  bony  spicules  a  meshwork  of  bone  is  formed.  The  osteo- 
genetic  fibres,  which  become  indistinct  as  calcification  proceeds,  p>ersist 
in  the  iamelUe  of  adult  bone  as  the  tutercrossing  fibres  of  Sharpey, 
The  osteoblasts,  being  in  part  retained  within  the  bony  layers  thuB 
produced,  form  bone  corpuscles.  On  the  bony  trabeculse  first  forme ' 
layers  of  osteoblastic  cells  from  the  osteo-genetic  layer  of  the  perios- 
teum repeat  the  process  just  described ;  and  as  tliia  occurs  in  several 
thicknesses,  and  also  at  the  edges  of  the  spicules  previously  fonned^ 


so 


THE  COKNEcnVK  TT8SUKS 


[CE.  T. 


the  bone  incTeases,  both  in  thickness,  lengtli  and  breadth.  The  pro- 
cess is  not  completed  by  the  time  the  child  is  born ;  heace  the  fonte- 
nelles  or  still  soft  places  on  the  heads  of  infants.  Fig,  88  repreaenU 
a  small  piece  of  the  gromng  edge  of  a  parietal  bone. 

The  bulk  of  the  primitive  spongy  bone  is  in  time  converted  iiit 
compact  bony  tissue,  with  Haversian  Bysteras.     Those  portions  in  tte] 
interior  not  converted  into  bone  become  filled  with  the  red  m&rtoi 
of  the  cancellous  tissue. 

OsBification  in  Cartilage. — Under  this  heading,  taking  the  fenitti 
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FlC)«  SSv-^P&Tt  of  Uie  RfOttiti^  wlge  of  \^n  di^vcilopltig  ijarjetal  lutie  of  a  fa-tal  cat.    §p^  Bony  tpfcuta*  wlU 
vODie  of  t)i«i  oBleciblAsta  ImDidded  In  tb«m,  prodiichig  the  kjeutue;  i^,  oateoeentc  fibres  prolo 
tha  itplculttt  wftb  oflt«ol3l>it;a  (oft)  batwem  them  uid  ^pplifld;  to  itieiiu    (Sctaafer.} 


OP  any  other  long  bone  as  an  example,  we  have  to  consider  the  procesa] 
by  which  the  solid  cartilaginous  rod  which  represents  the  bone  in  the) 
fcBtus  is  converted  into  the  hollow  cylinder  of  compact  bone  withj 
expanded  ends  formed  of  cancellous  tissue  of  which  the  adult  bone  is 
made  up.     We  must  bear  in  mind  the  fact  that  this  foetal  cartila- 
ginoua  femur  is  many  times  smaller  than  even  the  medullary  cavity 
of  the  shaft  of  the  mature  bone,  and,  therefore,  that  not  a  trace  of  the 
original  cartilage  can  be  present  in  the  femur  of  the  adult.     Its  pur- 
pose is  indeed  purely  temporary;  and,  after  its  calcification,  it  ia^ 
gradually  and  entirely  absorbed. 

The  cartilaginous  rod  which  forms  the  precursor  of  a  fot^tal  loc 
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bone  is  sheathed  in  a  membrane  termed  the  perichCT^riuTn,  whieh 
I  exactly  resembles  the  periosteum  described  above ;  it  consiBts  of  two 

layers,  in  the  deeper  one  of  which 

spheroidal    and     branched    cells 

predominate    and     blood-yessela 

aboimd,    while  the    outer    layer 

conaiBts  mainly  of  fibres. 

Between  the  eartilaginous  pre- 

fignrement  of    which   the  fcefeal 
[long  bone  consists  and  the  adult 
[bone    there    are    several    inter- 
mediate stages. 

The  process  may,  however,  be 
aoflt  conveniently  described  as 
kooctirring     in     three     principal 
[stages. 

Thejint  stoffe  consists  of  two 

sets  of  changes,  one  in  the  carti- 
lage, the  other   under  the  peri- 
chondrium.     These    take    place 
[side  by  side.     In   the  cartilage 

the  cells  in  the  middle  *  become 

enkiged  and  separated  from  one 
.another*  The  cartikge-cells  on 
^  each  side  get  arranged  in  rows  in 

the  direction  of   the  extremities 

of  the  cartilaginous  rod.     If  at 

this  stage  one  cuts  the  little  em- 
bryonic bone  with  a  knifOi  the 

knife  encounters  resistance,  and 

there  is  a  sensation  of  grittineesL 

This  is  due  to  the  fac:t  that  cal- 

oareous  particles  are  deposited  in 

the  matrix;  and  in  consequence 

of  this  tbe  matrix  stains  differ- 

ently  with  bistological  reagents 

from      the     unaltered      matrix 

Simultaneously    with    thiJi,    the 

periosteal  tissue  is  forming  layer 

after  layer  of  tme  bone ;  tbia  ii 

formed  exactly  ta  tbe  same  way 


u'v 


>j 


B 


7£'i€^^i 


-*m 


^ 


^> 


w< 


■  cill««&flal| 


*  Tbis  ti  Oie  eaae  to  oc^j  all  tbe 
lotig  boties,  but  ID  the  termmal  pbi«' 
Unges  tbe  dLsnge  ooenft  llfvt,  oat  in 
tlie  RLkiaie  but  At  their  dli^  ntreniUci. 


62 


THE  CONNKCTIVK  TISSUES 


[CH.  V, 


ft6  in  Buoh  a  bone  as  the  parietal ;  hy  the  ageacy  of  the  osteobksta^ 
oateogenetic  fibres,  and  then  spicules  of  bone,  are  formed  by  deposit 
of  calcareous  matter.  As  the  layers  are  formed,  some  of  the  oateo- 
blasts  get  walled  in  between  the  layers,  and  become  bone  cells. 

In  the  later  part  of  this  stage  the  calcareous  deposit  between  the 
cartilage-cells  cuts  them  off  from  nutrition,  and  they  in  consequence 
waste,  leaving  spaces  that  are  called  the  prifnary  armlm.  The 
calcareous  deposit  creeps  up  between   the  rows  of  cartil^e-cellfl, 
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Tia^  DO.— Os9iticati0ti  lu  cartilage  abowitig  Ata^e  of  krupLii^ii.  Th»  ahmiikDn  carttlage-celli  are  vwii 
In  th»  primary  areolsB.  At  ir  an  Irruplton  &r  tLa  snbi>tidosteal  tiiiauft  has  peiietrated  ilie  iuIk 
IwrtOfttCHiiI  botL^  crust.    (After  IjawrfmueO 

dclosing  them  in  calcified  boxes  containing  one,  two,  or  more  cells 
each.  The  wasting  of  the  cells  leads  here  also  to  the  formation  of 
primary  areolse. 

We  may  roughly  compare  the  two  seta  of  cells  engaged  in  the 
process  to  two  races  of  settlers  in  a  new  country.  The  cartilage-eells 
constitute  one  race,  and  so  successfully  buQd  for  themselves  calcareous 
homes  as  to  b©  completely  boxed  up ;  so  they  waste  and  disappear, 
leaving  only  the  walls  of  their  homes  enclodng  the  spaces  called 
primary  areolee.  The  osteoblasts,  the  other  race  of  cells  under  the 
perichondrium,  are  forming  layers  of  true  bone  in  that  situation* 
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Some,  it  is  true,  get  walled  in  in  the  proceaa,  and  become  bone- 
corptiscles^  but  the  system  of  intercommunicating  lacunffi  and 
canaliculi  maintains  their  nutrition. 

These  two  races  are  working  side  by  side,  and  at  first  do  not 
interfere  with  each  other.  But  soon  comes  a  declaration  of  war,  and 
we  enter  upon  tho  s^ond  slaga  of  ossification,  whieh  is  very  appro* 
pmtely  called  the  stage  of  irruption  (fig.  90),  Breaches  occur  in  the 
bony  wall  which  the  osteoblasts  have 
built  like  a  girdle  round  the  calcifying 
cartilage,  and  through  these  the  peri- 
chondrial  tisaoe  pours  an  invading  army 
into  the  calcified  cartilage.  This  con- 
sists of  osteoblasts,  the  bone  formers; 
osteoddsts,  or  the  bone  destroyers;  the 
latter  are  lai^e  cells,  similar  to  the  mye- 
loplaxes  found  in  marrow  (fig,  82).  There 
are  also  a  few  fibres,  and  a  store  of 
nutrient  supply  in  the  shape  of  blood- 
vesaela 

Having  got  inside,  the  osteoclasts  set 
to  work  to  demolish  the  homes  of  the 
cartilage-cells,  the  walls  of  the  primary 
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areola,  and  thus  large  spaces  are  formed, 
which  are  called  the  $eco7idary  areolw,  or 
the  medvllary  spaces.  On  the  ruins  of 
the  calcified  cartilage,  the  osteoblasts  pro- 
ceed to  deposit  true  bone  in  layers,  just 
as  they  were  wont  to  do  in  their  own 
country,  imder  the  periosteunL 

7^  third  stage  of  ossificaiion  is  a 
repetition  of  these  two  stages  towards  the 
extremities  of  the  cartilage.  The  carti- 
lage-cells get  fattened  and  arranged  in 
rows;  calcareous  deposit  occurs  around 
these,  and  primary  areolae  result;  then 
follows  the  advance  of  the  subperiostal 
tissue,   the  demolition   of   the    primary 

secondary  areola,  and  the  deposit  of  true  bona  At  the  same  time, 
layer  upon  layer  is  still  being  deposited  beneath  the  periosteum, 
and  these^  tmm  being  at  first  a  mere  girdle  round  the  waist  of  the 
bona,  now  eocteiid  towards  its  extiemitie6L 

The  next  figure  (fig.  91 )  is  a  magnified  riaw  of  the  Une  ol  advmnGe. 

The  bone  which  is  firat  formed  is  lets  icgnkrly  kmalkr  thaa  titsfe 
of  the  idttlL  The  lamftlTap>  are  not  dapootod  till  afiar  bfa1li«  sml 
their  forsialion  is  preceded  by  a  eonsiiuAble  unotiut  of  abfiorptioD. 
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'  rinile  fanhor,  the  osteoblasts  are  not  satiBfied  wit] 
tliat  they  were  first  able  to  make,  but  hi 
4a^aiiMt0d  tim  cartilage,  they  destroy  (agoui  through  the  agenc] 
4i  Aifl|hBWtoif  giaiit  osteoclasts)  ttieJr  first  work,  and  build  ragulai 
g  lammffi  for  the  accommodatioii  of  those  w^ho  desire  ti 
!  twm  mUv0  warfare. 

jUxmi  lltii  llBie,  too,  the  marrow  cavity  is  formed  by  the  abaorp 
tkm  4if  thft  bony  tiaiua  that  origmally  occupied  the  centre  of  th4 
Aiftr  Btffe  tim  oateoclaets  have  again  to  do  the  work,  and,  with  tldl 
iMl  Ml  of  deatroction,  all  remains  of  any  calcified  cartilage  of  th« 
tolat  boM  wtfroly  diaappear* 

Tim  formation  of  a  scH^ailed  cartilage  bone  la  thus,  after  all,  i 
ff/mmtiosk  of  bone  by  unbperiosteal  tissue,  just  as  it  is  in  the  so-calleiS 
iMDibfmiia  tiona 

After  a  time  tlie  cartilage  at  the  ends  of  the  shaft,  begins  to  ossil^ 
tol/t(;endently,  and  the  epiphyees  are  formed.  They  are  not  joinei 
OD  to  tlie  abaft  till  lato  in  life,  so  that  growth  of  the  bone  in  lengti 
can  continue  till  union  takes  placa 

Bone  growi  in  widtli  by  the  deposition  of  layers  under  the  periosl 
team,  like  iueeeoflive  rings  formed  under  the  bark  of  a  growing  tre^ 
This  was  shown  long  i^ofore  the  histological  details  which  we  havf 
deacribbd  were  made  out  by  Sharpey,  Silver  rings  were  placed  bj 
Duluimel  around  the  Ixjues  of  young  pigeons.  When  killed  later,  tbi 
lings  were  completely  covered  in  by  bone ;  and  in  the  animals  killer 
ia^t,  were  even  found  in  the  central  cavity.  Another  series  of  experi 
meets  was  p«3rformod  upon  pigs.  The  young  animals  were  fe< 
altwnately  on  ordinary  food  and  food  dyed  by  the  red  pigmeii 
maddftr.  Tlie  new  liony  tissue  acts  like  what  dyers  called  i 
"  mordant " :  it  fixes  the  dye,  and  the  rings  of  1  »one  deposited  durin| 
IImi  nii^ldor  j>eriods  were  distinctly  red  in  colour, 

Tim  importance  of  the  periosteum  in  bone  formation  is  nol 
r^^j^iiwifi  by  sui^eons,  When  removing  a  piece  of  bone  they  ari 
iMii^^i,  it  i^^mihhd,  to  leave  the  periosteum  behind:  this  leads  ^ 
ft^riiifirviihjii  r>f  the  lost  bone.  If  it  is  absolutely  necessary  to  removi 
|>  i^j,  miccesBful  cases  have  occurred  in  wliich  the  livinj 

j[iw*'/^i'  -fij  u*Hn  tui  animal  has  effectively  been  transplanted. 
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i\i   'nnrm  of  his  life,  man,  in  common  with  most  otha 

Af^\  with  two  sets  of  teeth;  the  first  sot,  caOed  th 

mI   ftiifi   '     ■         '    H  its  appearance  in  infancy,  and  is  i 

u\  a  i  n'A  and  rephiced  by  the  second  or  j?ei 
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The  temporary  or  milk-teeth  hav©  only  a  very  limited  tenn  of 
existeoca 

Thej  aiB  ten  in  numljer  in  mcii  jaw,  namely,  on  either  eids  froiii 
the  middle  line  two  incisors^  one  caTiine,  and  two  deciduous  molars, 
and  are  replaced  by  ten  permanent  teeth.     Tlie  number  of  permanent 


i 
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no-  93»— NormaJ  wcU-fonned  jaw»»  tiom  which  thft  BJveokr  plai<j  hut  betui  la  gn»t  [«rt,  rt^riioviMj,  lO 

teeth  in  each  jaw  is,  however,  increased  to  sixteen  by  the  develop- 
ment of  three  molars  on  each  side  of  the  jaw,  which  are  callod  the 
permanent  or  true  molars. 

The  following  formula  shows,  at  a  glance,  the  conifmrativ©  arninga- 
ment  and  number  of  the  temporary  and  parnianent  teeth  i — 


Temporary  Teeth. 

MiDiiLE  Link  nr  Jaw, 
2 


2^10 


20 


Permanent  Teeth. 
MiT>DL^  LnrE  nr  J  ah. 


From  this  fonnula  it  will  be  seen  that  the  two  biouapid  or  [iro- 
molar  teeth  in  the  adult  are  the  successgra  of  tho  two  deciihtoua 
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molars  in  the  child.  They  diflfer  from  them,  however,  in  some 
respects,  the  temporary  molars  having  a  stronger  likeness  to  the  per- 
manmU  than  to  their  immediate  descendants  the  so-called  bicuspids, 
besides  occupying  more  space  in  the  jaws. 

The  temporary  incisors  and  canines  differ  from  their  successors 
bnt  little  except  in  their  smaller  size  and  the  abrupt  manner  in  which 
their  enamel  terminates  at  the  necks  of  the  teeth,  foradng  a  ridge  or 
thick  edge.  Their  colour  is  more  of  a  bluish- white  than  of  a  yellowish 
shade. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teetL  In  both  cases  the  eruption  of  any 
given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the  corresponding 
tooth  of  the  upper  jaw. 

Temporary  or  Milk  Teeth. 
The  figures  indicate  in  months  the  age  at  which  each  tooth  appean. 


utcuotti. 

FIKBT 

DAJnMBfl, 

8 

12 

IS 

24 

Permanent  Teeth. 
The  ai^  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  ^eariL 


nunr 


OKftTa^tfl.       I^TnULB, 


MOLAJU  on 

WlBt>OM& 


10 


11 


12 


17  to  25 


The  times  of  eniption  given  in  the  above  tables  are  only  approxi- 
naate:  the  limits  of  normal  variation  are  tolerably  wide.  Certain 
diaeaeea  affecting  the  bony  skeleton,  e.g.  Eickets,  retard  the  eruptive 
period  considerably. 

It  la  important  to  notice  that  it  ib  a  molar  which  is  the  first  tooth 
to  be  cut  in  the  permanent  dentition,  not  an  incisor  as  in  the  case  of 
the  temporary  set,  and  also  that  it  appears  hnhind  the  last  deciduous 
molar  on  each  side. 

The  third  molars,  often  called  Wisdoms^  are  sometimes  unerupted 
through  life  from  want  of  sufficient  jaw  space  and  the  presence  of 
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the  other  teeth ;  cases  of  whole  familieg  in  which  their  absence  is  a 
characteristic  feature  are  occasionally  met  with. 

When  the  teeth  are  fuJlj  erupted  it  will  be  observed  that  the  upper 
incisors  and  canines  project  obliquely  over  the  lower  front  teeth,  and 
the  external  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those 
of  the  corresponding  teeth  in  the  lower  jaw.  This  arrangement 
allows  to  some  extent  of  a  sciasor-like  action  in  dividing  and  biting 
food  in  the  case  of  incisors ;  and  a  grinding  motion  in  that  of  the 
bicuspids  and  molars  when  the  side  to  side  movements  of  the  lower 
jaw  bring  the  external  cusps  of  the  lower  teeth  into  direct  articula- 
tion with  those  of  the  upper,  and  then  cause  them  to  glide  down  the 
inclined  surfaces  of  the  external  and  up  the  internal  cusps  of  these 
same  upper  teeth  during  the  act  of  mastication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  his 
incisors.  Besides  being  a  firmly  implanted  tooth  and  one  of  stronger 
substance  than  the  others,  the  canine  tooth  is  important  in  preserving 
the  shape  of  the  angle  of  the  mouth,  and  by  its  shape,  whether 
pointed  or  blunt,  long  or  short,  it  becomes  a  character  tooth  of  the 
dentition  as  a  whole  in  both  males  and  females. 

Another  feature  in  the  fully  developed  and  properly  articulated 
set  of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  each 
tooth  is  in  opposition  with  two,  except  the  upper  Wisdom,  usually  a 
small  tooth.  This  is  the  result  of  the  greater  width  of  the  upper 
incisors,  which  so  arranges  the  "  bite  *'  of  the  other  teeth  that  the 
lower  canine  closes  in  front  of  the  upper  one* 

Should  a  tooth  be  lost,  therefore,  it  does  not  follow  that  its  former 
opponent  remaining  in  the  month  is  rendered  useless  and  thereby 
liable  to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion 
commonly  seen  in  teeth  that  have  no  work  to  perform  by  reason  of 
absence  of  antagonists. 


Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  possessing  a  crown ^  neck,  and  raat 

The  croum  is  the  portion  which  projects  beyond  the  level  of  the 
gmn.  The  nsck  is  that  constricted  portion  just  below  the  crown 
which  is  embraced  by  the  free  edges  of  the  gum ;  and  the  root  includes 
all  below  this. 

On  making  longitudinal  and  transverse  sections  through  its  centre 
(figs*  93,  94),  a  tooth  is  found  to  be  composed  of  a  hard  material, 
dentins  or  ivory,  which  is  moulded  around  a  central  cavity  which 
resembles  in  general  shape  the  outline  of  the  tooth ;  the  cavity  is 
called  the  ptdp  cavity  from  its  containing  the  very  vascular  and 
sensitive  pulp. 

The  tooth'jndp  is  composed  of  loose  connective  tissue,  blood-vesselB, 
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The  blcxxi-veBaels  and  nerves  enter  the  pulp  through  a  small  open- 
ing at  the  apical  ertremit j  of  each  root.  The  exact  terminatioBB  of  the 
nerves  are  not  definitely  known.  They  have  never  been  observed  to 
enter  the  dentinal  tubes.     No  lymphatics  have  been  seen  in  the  pnlp. 

A  layer  of  very  hard  calcareous  matter,  the  mamel,  caps  that  part 
of  the  dentine  which  projects  beyond  the  level  of  the  gum ;  while 
sheathing  the  portion  of  dentine  which  is  beneath  the  level  of  the 
gum,  is  a  layer  of  true  bone^  called  the  cemmt  or  crusta  petrosa. 

At  the  neck  of  the  tooth,  where  the  enamel  and  cement  come  into 
contact,  eaeh  is  reduced  to  an  exceedingly  thin  layer ;  here  the  cement 
overlaps  the  enamel,  and  is  prolonged  over  it.  On  the  surface  of  the 
crown  of  the  tooth,  when  it  first  comes  through  the  jaw,  is  a  thin 
membrane  called  Nasm^th's  membrane,  or  the  cuticle  of  the  tootL 
The  covering  of  enamel  becomes  thicker  towards  the  crown,  and  the 
cement  towards  the  lower  end  or  apex  of  the  root. 


Dentine  or  Ivory, 

Dentine  closely  resembles  bone  in  chemical  composition*  It  con- 
tains, however,  only  10  per  cent,  of  water.  The  proportion  in  a 
hundred  parts  of  the  solids  is  about  twenty-eight  mnimal  to  seventy- 
two  of  mrthy  matter.  The  former,  like  the  animal  matter  of  bone, 
may  be  converted  into  gelatin  by  boiling.  It  also  contains  a  trace  of 
fat.  The  earthy  matter  is  made  np  chiefly  of  calcium  phosphate ^  with 
a  small  portion  of  the  carbonate ^  and  traces  of  calcium  Jluoride  and 
magnesium  pho^hate. 

Under  the  microscope  dentine  is  seen  to  be  finely  channelled 
by  a  multitude  of  delicate  tubes,  which  by  their  inner  ends  com- 
municate with  the  pulp-cavity,  and  by  their  outer  extremities  come 
into  contact  with  the  under  part  of  the  enamel  and  cement,  and 
sometimes  even  penetrate  them  for  a  greater  or  less  distance  (figs.  96, 
97),  The  matrix  in  which  these  tubes  lie  is  composed  of  '*  a  reticulum 
of  fine  fibres  of  connective  tissue  modified  by  calcification,  and  where 
that  process  is  complete,  entirely  hidden  by  the  densely  deposited  lime 
salts"  (Mummery). 

In  their  course  from  the  pulp-cavity  to  the  surface,  the  minute 
tubes  form  gentle  and  nearly  parallel  curves,  and  divide  and  subdivide 
dichotomously,  but  without  much  lessening  of  their  calibre  until  they 
approach  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary 
canals,  which  extend  into  the  dentine  between  the  tubules  and 
anastomose  with  each  other.  The  tubules  of  the  dentine,  the  average 
diameter  of  wbich  at  their  inner  and  larger  extremity  is  ^Vtrri  of  ^" 
inch,  contain  fine  prolongations  from  the  tooth-pulp,  wldch  give  the 
dentine  a  certain  faint  sensitiveness  under  ordinary  circumstances,  and. 
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without  doubt,  have  to  do  also  with  its  nutrition.  Thea©  prolonga- 
tions from  the  tooth-pulp  are  proceases  of  the  dentine-cells  or  odonto- 
blasts, tlie  columnar  cells  lining  the  pulp-cavity;  the  relation  of 
these  processes  to  the  tubules  in  which  they  lie  m  precisely  similar  to 
that  of  the  processes  of  the  bone-corpuscles  to  the  canalicuU  of  bono. 
The  outer  portion  of  the  dentine,  underlying  the  cement,  and  the 
enamel  to  a  much  lesser  degree,  forms  a  more  or  less  distinct  layer 
termed  the  granular  or  int$rglolndar  layer  (fig.  95),     It  is  characterised 
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by  the  presence  of  a  number  of  irregular  minute  cavities.  Tho 
explanation  of  these  will  be  seen  when  we  study  the  development  of 
a  tooth.  I 

EnameL 

Enamel  is  by  far  the  hardest  tissue  in  the  body ;  it  is  composed  of 
the  same  inorganic  compounda  that  enter  into  the  composition  of 


Wig.  IW.^KniLmi?!  i^rlamd-  A,  frigmeDta  ansl  single  prwmm  of  ths  tntiav  wi*  ly-slHuLiNl  oDamrl  jBolatoil 
by  tbfl  actkni  gf  Wdioflhloiic  mclh  B,  inrfrtco  of  »  jjiwall  trngim^nt  of  tfimniel,  allowing  tUu  U**i- 
go&Al  «adi  of  Um  Abtw  wlUi  dArk*r  caotfet.     x  UQ*    (Kijlllktr.) 
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dentine  and  bone.  According  to  Tomes,  it  contains  no  animal  matter 
at  allj  and  only  2  or  3  per  cent*  of  water.  Gelktin  is  a  characteristic 
product  of  connective  fcisauei  and  enamel  la  not  a  connective  tissue, 
but  is  epithelial  in  origin. 

Examined  under  the  roicrosoope,  enamel  is  found  composed  of  six- 
sided  prisms  (figs.  96,  97)  sVo^  of  an  inch  in  diameter,  which  are  set 
inn  end  on  the  surface  of  the  dentine,  and  fit 
ito  corresponding  depressions  in  the  same. 

They  radiate  in  such  a  manner  from  the 
dentine  that  at  the  top  of  the  tooth  they  are 
more  or  less  vertical,  while  towards  the  sides 
they  tend  to  the  horizontal  direction.  Like 
the  dentine  tubules^  they  are  not  straight,  but 
disposed  in  wavy  and  parallel  curves.  The 
prisms  are  marked  by  transverse  lines  and  are 
solid. 

The  enamel  prisms  are  connected  together 
by  a  very  minute  quantity  of  hyaline  cement 
substance.  In  the  deeper  part  of  the  enamel, 
between  the  prisms,  are  often  small  IcLmmm, 
which  have  the  processes  or  fibrils  lying  in 
the  dentinal  tubes  in  connection  with  them 
(fig.  97,  c). 

Crusta  Pitrosa, 

The  crusta  petrosa  or  cement  (fig.  95,  s,  d)  is 
composed  of  true  bone,  and  in  it  are  lacunse  (/) 
and  canahculi  (g),  which  sometimes  communi- 
cate with  the  outer  finely  branclied  ends  of 
the  dentinal  tubules,  and  generally  with  the 
interglobular  spaces.  Its  laminse  are  bolted  to- 
gether by  perforating  fibres  like  those  of  ordi- 
nary bone  (Sharpey's  fibres).  Cement  difi'ers 
"  om  ordinary  bone  in  possessing  no  Haversian 
canals,  or,  if  at  aU,  only  in  the  thickest  part. 
Such  canals  are  more  often  met  with  in  teeth 
with  the  cement  hypertropbied  than  in  the 
normal  tooth. 

Development  of  the  Teeth. 

The  first  step  in  the  development  of  the  teeth  consists  in  a  down- 
ward growth  (fig.  98,  A,  1)  from  the  deeper  layer  of  stratified  epi- 
thelium of  the  mucous  membrane  of  the  mouth,  which  becomefl 
thickened  in  the  neighbourhood  of  the  maxillse  or  jaws  now  in  the 
course  of  formation.     This  process  passes  downward  into  a  recess  of 


Flu.  UT.— ITilft  Bflcttoii  of  th« 
otnaieL,  aud  n  part  cif  llie 
dontine.  a,  Cutkultr 
ptiUl^le  of  tlnf  eD&iT3«l 
(Niistni'tb'i  tiietnbrMntf) ; 
h,  eaunfll  columtii.  w[th 

&tid  cwAA  iirlje ;  {?,  larger 
fisvltlet  In  tbe  enamel, 
eommanlcstlnf^  wftb  tha 
lixtremlttei  of  idoie  tif 
tbo  dentfiLiJ:  tubuJM  (^ 
X  3&0,    (KMIker.) 
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the  imperfectly  developed  tissue  of  the  embryonic  jaw*  The  down* 
ward  epithelial  growth  forms  the  comm<m  tnamd  or  dmttal  gm-m,  and 
its  pcjEition  is  indicated  by  a  slight  groove  in  the  raucous  membrane 

of  the  jaw.  After  this  there 
is  an  increased  development 
at  certain  points  correspond- 
ing to  the  situations  of  the 
future  milk-teeth.  The  com- 
mon enamel  germ  thus  he- 
comes  extended  by  further 
growth  into  a  number  of 
^Mcial  enamd  germs  (fig, 
98,  B,)  corresponding  to  each 
of  the  milk-teeth,  and  con- 
nected to  the  common  germ 
by  a  narrow  neck  (/),  Each 
tooth  is  thus  placed  in  its 
own  special  recess  in  the 
embryonic  jaw. 

As  these  changes  proceed, 
there  grows  up  from  the 
underlying  connective  tissue 
into  each  enamel  germ  (fig, 
98,  c,  p),  a  distinct  vascular 
papilla  (dmial  papilla),  and 
upon  it  the  enamel  germ  be- 
cornea  moulded,  and  presenta 
the  appearance  of  a  cap  of 
two  layers  of  epithefiitm 
separated  by  an  interval  (fig, 
98,  c,/).  Whilst  part  of  the 
subepithelial  tissue  is  ele- 
vated to  form  the  dental 
papilla,  the  part  which  bounds 
the  embryonic  teeth  forma 
the  dental  sac  (fig,  98,  c,  s) ; 
and  the  rudiment  of  the 
jaw  sends  up  processes  form- 
ing partitions  between  the 
teetL  In  thia  way  small 
chambers  are  produced  in  which  the  dental  aacs  are  contained, 
and  thus  the  sockets  of  the  teeth  are  formed.  The  papilla  is  com- 
posed of  nucleated  cells  arranged  in  a  mesh- work  of  connective 
tissue,  the  outer  or  peripheml  part  Ijeing  covered  with  a  layer  of 
columnar  nucleated  cells  called  odontoblasts. 
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Flo,  fkfl.— Section  of  tb^  uppcir  jaw  of  a  foetil  ntictep. 
A.^ — 1,  eocnttiqii  fiti&mel  ^i^riii  i:l{|ipiiigiJowii  Into  bno 
mueoui  raembmtiG ;  2,  iiAlJiLirjo  prooeaa  of  Jaw  ; 
S,  Boto  KalpEKbi.    B.  -^cttfiii  ilmtlar  to  A,  but 

Cing  througb  on?  of  tb?  flp«iel«I  enftisfll  guntns 
becamlDg  nARk-abApd ;   f-t  ^i  ApltheUum  of 
moatb;/,  a«cjc;/,  body  of  apocl&l  enumfll  gflnn. 

/,  ti«o1c  or«niiiD«l  Bnrm  i  /,  t^ii%mtV  Qtw^n ;  p,  ^apUln : 
if  diuita]  aftc  fbitnliiE ;  fp,  ihn  eti&ujfll  gtittn  of  per- 
manent  tooth ;  ntj  boDft  of  jftw ;  v,  veflsek  cut  ncrau, 
(Wald^jnr  and  KuUtkisr.) 
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Them  calls  ©ifcher  by  secretion,  or  aa  some  think  by  direct  trans- 
formation of  the  outer  part  of  each,  form  a  layer  of  dentinal  matrix 
on  the  apex  of  the  papilla,  or  if  the  tooth  has  more  than  on©  cusp, 
then  at  the  apex  of  each  cngp.  This  layer  \b  first  imcalcified 
(odoniogen),  but  globules  of  calcareous  matter  soon  appear  in  it. 
i  These,  becoming  more  numerous,  blend  into  the  first  cap  of  dentine. 
In  the  meanwhile  the  odontoblasts  have  formed  a  second  layer  of 
odontogen  within  this  (fig<  99),  and  this  in  turn  becomes  calcified ; 
thus  layer  after  layer  m  formed,  each  extending  kteraUy  further  than 
its  predecessor ;  the  layers  blend  except  iu  some  places ;  here  portions 
of  odontogen  remain,  which  in  a 

tooth    macerated   for  histological     ^ ^— -  -         —^^^ 

purposes  get  destroyed,  and  appear 
as  the  interglohular  spaces  (fig.  95)i 
so  called  because  bounded  by  the 
ieposit  of  calcareous  salts,  which 
'  occnrs,  as  we  have  already  seen,  in 
the  form  of  globules. 

As  the  odontoblasts  retire 
towards  the  centre,  depositing 
layer  after  layer  of  dentine,  they 
leave  behind  tham  long  filaments 
of  their  protoplasm  around  which 
the  calcareous  deposit  is  moulded ; 
thus  the  dentinal  tubules  occupied 
by  the  processes  of  the  odonto- 
blasts are  formed.     . 

The  other  cells  of  the  dental 
,  papilla  form  the  cells  of  the  pulp. 

F&tmaiicn  of  the  enmmL — The  portion  of  the  enamel  or  dental 
that  covers  the  dental  papilla  is  at  this  stage  called  tho  enamel 
?a».    This  consists  of  four  parts  (see  figs.  100  and  101), 

1.  A  layer  of  columnar  epithelium  cells  in  contact  with  tho 
dentina  These  are  called  the  mamd  cells,  or  cuiamanto' 
blmie, 

2.  Two  or  three  kyors  of  smaller  polyhedral  nucleated  calls,  the 
stratum  intermedium,  of  Hannover. 

3.  A  matrix  of  non-vascular  jelly-like  tissue  containing  stellate 
cella 

4.  An  outer  membrane  of  several  layers  of  flattened  epithelium 
cells- 

The  first  tliree  layers  on  an  enlarged  scale  are  seen  in  fig-  101. 
The  enamel  prisms  are  formed  by  the  agency  of  the  ends  of  the 
lantoblasts  which  abut  on  the  dental  papilla.     Kach  forms  a  fine 
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deposit  of  globules  staining  with  oamic  acid  and  resembling  keratin 
ia  its  reeistance  to  mineral  acid*  At  one  time  it  waa  believed  that 
each  adamantoblast  was  itself  calcified  and  converted  into  an  enamel 
prism,  but  this  view  has  been  disproved  by  recent  research.  The 
layer  of  keratin-Uke  material  is  outside  the  bodies  of  the  celJat  although 
a  process  of  each  adamantoblast  e:rtend8  into  it  as  a  tapering  fibre 
(process  of  Tomes),  and  it  is  usually  produced  simultaneously  with 

the  first  layer  of  uncalcified  den- 
tine; when  it  undergoes  calcifica- 
tion, the  first  layer  of  enamel  is 
complete.  The  adamantoblasts 
then  repeat  the  process,  first 
causing  a  deposition   of  keratin- 

Uke  material,  and  this  in  turn  is 

>^>  "VHHV^Hi      calcified,  and  so  on.     Diuing  the 

formation  of  layer  after  layer  of 
enamel,  the  adamantoblasts  retire. 
By  the  time  the  enamel  is  ap- 
proaching completion  the  other 
layers  of  the  enamel  organ  have 
almost  disappeared,  and  they  en- 
tirely disappear  when  the  tooth 
emerges  through  the  gum.  But 
for  some  little  time  there  is  a 
somewhat  more  persistent  mem- 
brane covering  the  crown ;  this  is 
Kasmyth's  membrane,  or  the 
enanul  cutick ;  this  is  the  last 
formed  keratin o us  layer  of  enamel 
which  has  remained  uncalcified 

As  with  the  dentine,  the  for- 
mation of  enamel  appears  first  on 
the  apex  of  each  cusp. 

The  cement  or  crusta  petrosa  is 
formed  from  the  internal  tissue  of  the  tooth  sac,  the  structure  and 
function  of  wiuch  are  identical  with  those  of  the  oateogenetic  layer 
of  the  periosteum;  or,  in  other  words,  ossification  in  membrane 
occurs  in  it» 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  forma 
the  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a 
means  of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction 
with  the  pulp  a  source  of  nourishment  to  it.  Additional  laminae  of 
cement  are  added  to  the  root  from  time  to  time  during  the  life  of 
the  tooth  (as  is  especially  well  seen  in  the  abnormal  condition  called 
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d,  muet  l$.yriT  at  epithet [»m  of  tlie  eneirDRl 
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an  exostosis)t  by  the  process  of  oasificalion  taking  placs©  in  the  perioa- 
teum.  On  the  other  hand,  absorption  of  the  root  (such  as  occurs 
when  the  milk-teeth  are  ehed)  is  due  to  the  action  of  the  osteoclasts 
of  the  same  membrane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed ; 
and  each  tooth,  as  it  grows,  presses  at  length  on  the  wall  of  the 
sac  enclosing  it,  and,  causing  its  absorption,  is  eui,  to  use  a  familiar 
phrase. 

The  temporary  or  milk-teeih  are  later  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them. 
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Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set 
wiiieh  is  develoi>ed  from  a  small  eao  which  was  originally  an  offshoot 
from  the  sac  of  the  temporary  tooth  which  pracedes  it,  and  called  the 
mvity  of  reserve  (fi^*  98,  C,  fp).  Thus  the  temporary  incisors  and 
canines  are  succeeded  by  the  corresponding  permanent  ones,  the 
temporary  first  molar  by  the  first  bicuspid ;  the  temporary  second 
molar  develops  two  offshoots,  one  for  the  second  bicuspid,  the  other 
for  the  permanent  first  molar.  The  permanent  second  molar  is  bndded 
off  from  the  first  permanent  molar,  and  the  wisdom  from  the  perma- 
nent second  molar. 

The  development  of  the  temporary  teeth  commences  about  the 
sixth  week  of  intra-u ferine  life,  after  the  laying  down  of  the  bony 
atrueture  of  the  jaws.  Their  permanent  successors  l)Ogin  to  form 
about  the  sixteenth  week  of  intra-uterine  life.     The  second  permanent 
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molars  originate  about  the  third  month  after  birth,  and  the  wiadom 

teeth  about  the  third  yean 

The  Blood* 

A  full  consideration  of  the  biood  will  come  later,  when  we  know 
more  about  the  chemical  aspects  of  physiology,  but  it  will  be  impos- 
sible  to  discuss  all  the  other  phenomena  we  shall  have  to  study  in 
the  meanwhile  without  some  elementary  knowledge  of  the  principal 
properties  of  tbia  fluid.  For  that  reason,  and  also  to  complete  our 
list  of  the  connective  tissues,  we  may  here  rapidly  and  briefly 
enumerate  its  principal  characters. 

The  blood  is  a  fluid  which  holds  in  suspension  large  numbers  of 
solid  particles  which  are  called  the  corpuscles.  The  fluid  itself  is 
called  thepiasvia  or  Itquor  sanguinis.  It  is  a  richly  albuminous  fluid ; 
and  one  of  the  proteins  in  it  is  caHed  ^brinogm. 

After  blood  is  shed  it  rapidly  becomes  viscous,  and  then  sets  into 
a  jelly.  The  jelly  contracts  and  squeezes  out  of  the  clot  a  straw- 
coloured  fluid  caUed  serum,  in  which  the  shrunken  clot  then  floats. 

The  formation  of  threads  of  a  solid  protein  called /drt?i  from  the 
soluble  proteid  wo  have  called  Jthrinogm  is  the  essential  act  of 
coagulation ;  this,  with  the  corpuscles  it  entangles,  is  called  the  clot 
Serum  is  plasma  minus  the  fibrin  wbich  it  yields.  The  foUowing 
scheme  shows  the  relationships  of  the  constituents  of  the  blood  at  a 
glance : — 


TiT^^  f  Plasma 
^^°^|.  Corpuscles 


J  Serum 
jPibrin  1 

J" 


Clot 


The  corpuscles  are  of  two  chief  kinds,  the  red  and  the  whita 
The  white  corpuscles  are  typical  animal  cells,  and  we  have  already 
made  their  acquaintance  when  speaking  about  amoeboid  movements. 

The  red  corpuscles  are  much  more  numerous  than  the  white, 
averaging  in  man  5,000,000  per  cubic  millimetre,  or  400  to  500  red 
to  each  white  corpuscle.  It  is  these  red  corpuscles  that  give  the  red 
colour  to  the  blood.  They  vary  in  size  and  structure  in  different 
groups  of  the  vertebrates*  In  mammals  they  are  biconcave  (except 
in  the  camel  tribe,  where  they  are  biconvex)  non-nucleated  discs,  in 
man  innnr  i^^h  in  diameter ;  during  foetal  life  nucleated  red  corpuscles 
are,  however^  found.  In  birds,  reptiles,  amphibians  and  fishes  they 
are  biconvex  oval  discs  with  a  nucleus:  they  are  largest  in  the 
amphibia.  The  most  important  and  abundant  of  the  constituents 
of  the  red  corpuscles  is  the  pigment  which  is  called  hmnoglohin. 
This  is  a  protein-hke  substance,  but  is  remarkable  as  it  contains  a 
small  amount  of  iron  (about  04  per  cent.). 

The  blood  during  life  is  in  constant  movement.     It  leaves  the 
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heart  by  the  veaflela  callfld  arUrmy  and  returns  to  the  heart  by  the 
vesaela  called  veins ;  the  terminations  of  the  arteries  and  the  com- 
mencements of  the  veins  are,  in  the  tissues,  connected  by  the  thin- 
walled  microscopic  vessels  called  capHlariss.  In  the  capillaries, 
leakage  of  the  blood-plasma  occurs ;  this  exuded  fluid  (lymph)  carries 
nutriment  from  the  blood  to  the  tissue-elements,  and  removes  from 
them  the  waste  products  of  their  activity.  The  Ijmiph  ia  collected  by 
lymphatic  vessels,  which  converge  to  the  main  lymphatic,  called  the 
ih^Tocic  duct  This  opens  iBto  the  large  veins  near  to  their  entrance 
into  the  heart ;  and  thus  the  lymph  is  returned  to  the  blood. 

But  blood  is  also  a  carrier  of  oxygen,  and  it  is  the  pigment 
haemoglobin  which  is  the  oxygen  carrier  ^  in  the  lungs  the  hsemoglobin 
combines  with  the  oxygen  of  the  air,  and  forms  a  loose  compound  of 
a  bright  scarlet  colour  called  oxyhctmoglohin.  This  arterial  or  oxy- 
genated blood  is  taken  to  the  heart  and  thence  propelled  by  the 
arteries  all  over  the  body,  where  the  tissues  take  the  respiratory 
oxygen  from  the  haemoglobin,  and  this  removal  of  oxygen  changes 
the  colour  of  blood  to  the  bluish-red  tint  it  has  in  the  veins,  'fiie 
veins  take  the  blood  minm  a  large  quantity  of  oxygen  and  plu&  a 
large  quantity  of  carbonic  acid  received  in  exchange  from  the  tissues 
I  to  the  heart,  which  sends  it  to  the  lungs  to  get  rid  of  its  surplus 
'  carbonic  acid,  and  replenish  its  store  of  oxygen ;  then  the  same  round 
begins  over  again. 


CHAPTER  YI 


MUSCULAR  TISSUE 


Muscle  is  popularly  known  as  flesh.  It  possesses  the  power  of  con- 
traction,  and  is,  in  th©  higher  animals,  the  tissue  by  which  their 
movements  are  executed.  The  muscles  may  be  divided  from  a 
physiological  standpoint  into  two  great  classes,  the  voluntary  muscles, 
those  which  are  under  the  control  of  the  will,  and  the  involuntary 
muscles,  those  which  are  not.  The  contraction  of  the  involuntary 
muscles  isi  however,  controlled  by  the  nervous  system,  only  by  a 
different  part  of  the  nen^ous  system  from  that  which  controls  the 
activity  of  the  voluntary  muscles. 

When  muscular  tissue  is  eiandned  with  the  microscope,  it  is 
seen  to  be  made  up  of  small,  elongated^  thread-like  structures,  which 
are  called  Tnuscutar  fibres  ;  these  are  bound  into  bundles  by  connective 
tissue,  and  in  the  involuntary  muscles  there  is  in  addition  a  certain 
amount  of  cement  substance,  Btainable  by  nitrate  of  silver,  between 
the  fibres. 

The  muscular  fibres  are  not  all  alike;  those  of  the  voluntary 
muscles  are  seen  by  the  microscope  to  be  marked  by  alternate  dark 
and  light  atripings  or  striations ;  these  are  called  iranmm'sely  striated 
muscular  fibres.  The  involuntary  fibres  have  not  got  these  markings 
as  a  rule.  There  is  one  important  exception  to  this  rule,  namely,  in 
the  case  of  the  heart,  the  muscular  fibres  of  wMch  are  involuntary, 
but  transversely  striated.  There  are,  however,  histological  differ- 
ences between  cardiac  muscle  and  the  ordinary  voluntary  striated 
muscles*  The  unstriated  involuntary  muscular  fibres  found  in  the 
walls  of  the  stomach,  intestine,  bladder,  blood-vessels,  uterus,  and 
other  contractile  organs  are  generally  spoken  of  as  plain  muscidar 
fibres. 

From  the  histological  standpoint  there  are,  therefore,  three 
varieties  of  muscular  fibres  found  in  the  body  of  the  higher 
animals:  two  of  them  are  transversely  striated,  and  one  is  not. 
The  relationship  of  this  histological  classification  to  the  physiological 
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classification  into  voluntary  and  involuntary  is  shown  in  the  follow- 
ing table : — 


1,  Transversely  striated  muAcuIar  fibres  : 

ft.  In  skeletal  miisde    . 
k  In  cardiftc  musde 

2,  Plain  mnscnlar  fibres  : 

In  blood-vessels,  iotesttne,  uterus, 
bUdder,  etc* 


1 


VoumTAWv- 


Involuntaiy. 


All  kinds  of  muscidar  tissue  are  therefore  composed  of  fibres,  but 
the  fibres  are  easentiallj  different  from  those  we  have  hitherto  studied 
in  the  connective  tissuea  There,  it  will  be  remembered,  the  fibres 
are  developed  between  the  cells;  here>  in  muscle,  the  fibres  are 
devdoped  from  the  cells;  that  is,  the  cells  themselves  become 
elongated  to  form  the  muscular  fibres, 

Voluntaj^  Muscle* 

The  voluntary  muscles  are  those  which  are  sometimes  called 
gkehtcU,  constituting  the  whole  of  the  muscular  apparatus  attached  to 
the  bones,* 

Each  muscle  is  enclosed  in  a  sheath  of  areolar  tissue,  called  the 
Epimysium ;  this  sends  in  partitions,  or  septa,  dividing  off  the  fibres 


into  fascimdif  ot  bundles;  the  sheath  of  each  bundle  may  b©  called 
the  P&nmydum,  Between  the  individual  fibres  is  a  small  amount  of 
loose  areolar  tissue,  called  the  Bndom^mLm.  The  blood*vesBels  and 
nerves  for  the  muscle  are  distributed  in  this  areolar  tissua 

The  fibres  vary  in  thickness  and  length  a  good  deal,  but  they 
av^Bge  -^^  inch  in  diameter,  and  about  1  inch  in  length*  Each 
fibre  is  cylindrical  in  shape,  with  rounded  ends ;  many  become  pro- 
longed into  tendon  bundles  (fig.  111),  by  which  the  muscle  is  attached 
to  bone.  As  a  rule  they  are  unbranched,  but  the  muscle  fibres  of  the 
face  and  tongue  di\'ide  into  numerous  branches  before  being  inserted 

•  The  muscular  fibres  of  the  pharynx,  part  of  the  o^^bn^s*  And  of  the 
niitiGles  of  the  internal  ear,  thoup?h  not  under  the  control  or  tlie  will^  fative  tlie 
flune  structure  as  the  voluntary  tnuscular  fibres* 
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to  the  under  surface  of  the  skin,  or  mucoua  membrane  (fig.  102). 
The  fibres  in  these  situations  are  also  finer  than  in  tbe  majoritj  of 
the  voluntary  muflcles. 

Each  fibre  conaistfl  of  a  sheath,  called  the  sarcoUmvm,  enclosing 
a  soft  material  called  the  contractile  s^ibstancc.  The  sarcolemma  is 
homogeneouB,  elastic  in  nature^  and  especiaUj  tough  in  fish  and 
amphibia*  It  may  readily  be  demonstrated  in  a  microscopic  prepara- 
tion of  fresh  muscular  fibres  by  applying  gentle  preasiire  to  the  cover 
slip;  the  contractile  substance  is  thereby  ruptured,  leaving  the 
sarcolemma  bridging  the  space  (fig,  103).  To  the  Barcolemma  are 
seen  adhering  some  nuclei 

The  contractile  substance  within  the  sheath  is  made  up  of 
alternate  discs  of  dark  and  light  substance. 

Muscular  fibres  contain  oval  nuclei  In  mammalian  muscle  these 
are  situated  just  beneath  the  sarcolemma ;  but  in  frog's  muscle  they 
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a  innain].il  higkly  mag- 
nlflfld.     The   nurftMM   of 

occur  also  in  the  thickness  of  the  muscular  fibre.  The  chromopkam 
of  the  nucleus  has  generally  a  spiral  arrangement,  and  often  there  is 
a  little  granular  protoplasm  (well  seen  in  the  muscular  fibres  of  the 
diaphragm)  around  the  poles  of  each  uueleus. 

The  foregoing  facts  can  lie  made  out  with  a  low  power  of  the 
microscope ;  on  examining  muscular  fibres  witli  a  high  power  other 
details  can  be  seen.  Treatment  with  different  reagents  brings  out 
still  further  points  of  structure.  These  are  differently  described  and 
diflferently  interpreted  by  different  histologists ;  and  perhaps  no 
subject  in  the  whole  of  microscopic  anatomy  has  been  more  keenly 
debated  than  the  structure  of  a  muscular  fibre,  and  the  meaning  of 
the  changes  that  occur  when  it  contracts.  A  good  deal  of  the 
difficulty  has  doubtless  arisen  from  the  fact  that  a  muscular  fibre  is 
cylindrical,  and  if  one  focusses  tbe  surface  one  gets  different  optical 
effects  from  those  obtained  by  focussing  deep  in  tli©  substance  of 
the  fibra     I   shall,  in   the  following  aooouBt  of  the  structure  of 
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Btriated  muscle,  adhere  very  closely  to  the  views  of  Professor 
Schafer, 

If  the  surface  is  carefully  focuaaed  rows  of  apparent  granules  are 
Been  lying  at  the  boundaries  of  the  light  streaks,  and  fine  longitudinal 
lines  passing  through  the  dark  streaks  may  be  detected  uniting  the 
apparent  grantdes  (fig.  104). 

In  specimens  treated  with  dilute  acids  or  gold  chloride,  the 
granules  are  seen  to  he  connected  side  by  aide,  or  transversely  also. 
This  reticulum  (fig.  105),  with  its  longitudinal  and  transverse  meshes, 
was  at  one  time  considered  to  be  the  essential  contractile  portion  of 
the  muscular  fibre ;  it  was  thought  that  on  contraction  the  transverse 
networks,  with  their  enlargements,  the  granules,  became  increased  by 
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Fro.  10i>— Port  Lou  of  mudit^k-flbire  of 
li-Atflr-btjetlet  tJiOwlDg  network 
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the  longitudinal  strands  diminishing  in  length  and  running  into  them. 
Moat  histologists  have  rejected  this  idea,  and  regard  the  network  as 

'mere  interstitial  substance  lying  between  the  essentially  contractile 

'portions  of  the  muscle.  A  muscular  fibre  is  thus  made  up  of  what 
are  variously  called  fihrih,  muscle-columns  or  sarcostples ;  and  the 
longitudinal  interatitial  substance  with  cross  networks  comprising 
the  reticulum  just  referred  to  is  called  sarcoptasm.  By  the  use  of 
certain  rei^ents,  such  as  osmic  acid  or  alcohol,  the  muscle-columns  or 

jsarcostyles  may  be  completely  separated  from  one  another, 

A  transverse  section  of  n  muscular  fibre  (fig.    106)  shows  the 

^Bdctions  of  tliese  sarcostyles;  the  interstitial  sarcoplasm  is  represented 
as  white  in  the  drawing.  The  angular  fields  separated  by  sarcoplasm 
may  stUl  be  called  by  their  old  name,  anas  of  Cohnhmm, 

If,  instead  of  focuasing  the  surface  of  a  fibre,  it  is  observed  in  its 
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depth,  a  fine  dotted  line  is  men  biaectiBg  each  light  stripe ;  tMa  has 
been  variously  termetl  Bohu's  line,  or  Krause^s  Tmmbrane  (fig.  107). 
At  one  time  tliia  was  beHeved  to  be  an  actual  membrane  continuous 
with  the  sarcolemina.  It  is  probably  very  largely  an  optical  effect, 
caused  by  hght  being  transmitted  between  discs  of  different  refrangi- 
bihtj. 

If  cross  membranes  do  exist  they  are  not  very  resistant ;  this  was 
well  shown  by  an  accidental  observation  first  made  by  Kuhne,  and 
subsequently  seen  by  others.  A  minute  thread -worm,  called  the 
Myarecies,  was  observed  crawling  np  the  interior  of  the  contractile 


Flo.  107.— A.  Fartion  of  a  hummn  DmacnUf  rUiro,  X  BOO.  B.  Sflpumted  bandies  of  nbhti  equaUy 
Euagnined ;  a,  a,  larger^  and  K  ^j  ftmali«r  coLlttcyutu ;  c,  fltlU  flmHlkr ;  d,  d,  tlie  s^mtilh^s^t  whkfi 
could  be  d«?UE:hed^  ijossibly  reproMotlng  a  tln^la  jierjes  of  jiArcoiiLa  dlemenU.    t^arpoy,) 

Bubstance  of  a  muscular  fibre ;  it  crawled  without  any  opposition 
from  membranea,  and  the  track  it  left,  olosed  up  slowly  behind  it 
without  interfering  with  the  normal  cross-striations  of  the  contractile 
substance.  This  observation  strikingly  illustrates  the  fact  that  the 
contractile  substance  in  a  muscular  fibre  is  fluid,  but  only  semi-fluid, 
for  the  closing  of  the  thread -worm's  track  occurred  slowly  as  a  hole 
always  closes  in  a  viscous  mat-erial. 

Another  appearance  which  is  sometimes  seen  is  a  fine  clear  line 
running  across  tlie  fibre  in  the  middle  of  each  dark  band.  It  is 
called  Jlejisen^s  line  or  dise, 

A  muscular  fibre  may  not  only  be  broken  up  into  fibrils  or  muscle- 
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columns,  but  UDder  the  iBfluence  of  some  reagents  like  dilute  hydro- 
chloric acid,  it  can  be  broken  up  irito  discs,  the  cleavage  occurring  in 
the  centre  of  each  light  stripe.  Bowman,  the  earliest  to  study 
muscular  fibres  with  profitable  results,  concluded  that  the  subdivision 
of  a  fibre  into  fibrils  was  a  phenomenon  of  the  same  kind  as  the  cross 
cleavage  into  discs.  He  considered  that  both  were  artificially  pro- 
duced by  a  separation  in  one  or  the  other  direction  of  particles  of  the 
fibre  he  called  "Barcous  elements*"  The  cleavage  into  discs  is  how- 
ever much  rarer  than  the  separation  into  fibrils;  indeed,  indication b 
of  the  fibrils  are  seen  in  perfectlj  fresh  muscle  before  any  reagent 
has  been  added,  and  this  is  markedly  evident  in  the  wing  muscles  of 
many  insects.  It  is  now  believed  that  a  muscular  fibre  is  built  up 
of  coutiguoua  fibrils  or  sarcostyles,  wMle  cleavage  into  discs  is  a 
purely  artificial  phenomenon. 

Haycraft,  who  has  also  investigated  the  question  of  muscular 
Btructure,  concludes  that  the  cross  striation  is  entirely  due  to  optical 
phenomena.  The  sarcostyles  are  varicose,  and  where  they  are  en- 
larged different  refractive  effects  will  be  produced  from  those  caused 
by  the  intermediate  narrow  portions.  This  view  he  has  very  in- 
geniously supported  by  taking  negative  casts  of  muscular  fibres  by 
pressing  them  on  to  the  surface  of  collodion  films.  The  collodion 
caat  shows  alternate  dark  and  light  bands  Uke  the  muscular  fibres. 

Schiifer  is  unable  to  accept  this  view;  he  regards  the  substance  of 
the  sarcostyle  in  its  dark  stripes  as  being  of  different  composition, 
and  not  merely  of  different  diameter,  from  the  sarcostyle  in  the  region 
of  the  light  stripes ;  it  certainly  stains  very  differently  with  many 
reagents,  especially  chloride  of  gold.  His  views  regarding  the  inti- 
mate structure  of  a  sarcostyle  have  been  worked  out  chiefly  in  the 
wing  muscles  of  insects,  where  the  sarcostyles  are  separated  by  a 
considerable  quantity  of  interstitial  sarcoplasm,  and  a  brief  summary 
of  hifl  conclusions  is  as  foOows : — 

Each  sarcostyle  is  subdivided  in  the  middle  of  each  light  stripe  by 
transverse  lines  (membranes  of  Krause)  into  successive  portions, 
which  may  be  termed  sarcomeres.  Each  sarcomere  is  occupied  by  a 
portion  of  the  dark  stripe  of  the  whole  fibre;  this  portion  of  the 
dark  stripe  may  be  caUed  a  sarcons  elemsnt*  The  sarcous  element 
is  really  double,  and  in  the  stretched  fibre  (fig.  108,  b)  separataa  into 
two  at  the  line  of  Hensen.  At  either  end  of  the  sarcous  element  is 
a  clear  interval  separating  it  from  Krause's  membrane;  this  clear 
interval  is  more  evident  in  the  extended  sarcomere  (fig.  108,  b),  but 
diminishes  on  contraction  (fig*  108,  a).  The  cause  of  this  is  to  be  foimd 
in  the  structure  of  the  sarcous  element.  It  is  pervaded  with  longi- 
tudinal canals  or  pores  open  towards  Krauso's  membrane,  but  closed 

*  Notice  lliut  IhLs  c^pre^sion  htks  &  dljferent  meaning  from  whal  it  originally^ 
had  when  used  by  Lkiwnian. 
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at  HdnBsn'B  line.  In  the  contracted  tnuscld  the  clear  part  of  the 
Mtiacle  substance  passes  into  these  pores,  disappears  from  view  to  a 
great  extent^  swells  up  the  sarcous  element,  widens  it  and  shortens 
the  sarcomere.  In  the  extended  muscle,  on  the  other  hand,  the  clear 
substance  passes  out  from  the  pores  of  the  aareons  element,  and  lies 
between  it  and  the  membrane  of  Krause ;  this  lengthens  and  narrows 
the  sarcomera^  This  is  shown  in  the  diagrams.  It  may  be  added 
that  the  sarcous  element  does  not  lie  free  in  the  middle  of  the  sarco- 
mere, but  is  attached  at  the  sides  to  a  fine  enclosing  envelope,  and  at 
either  end  to  Krause's  membrane  by  fine  lines  running  through  the 
clear  substance  (fig*  109,  a). 

This  view  is  interesting,  because  it  brings  into  harmony  amoeboid, 
ciliary,  and  muscular  movement.      In  all  three  instances  we  have 
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protoplasm  composed  of  two  materials,  spongioplasm  and  hyaloplasm. 
In  amoeboid  movement  the  irr^tdar  arrangement  of  the  spongioplasm 
allows  the  hyaloplasm  to  flow  in  and  out  of  it  in  any  direction.  In 
ciliary  movement  the  flow  is  limited  by  the  airangBment  of  the 
spongioplasm  to  one  direction ;  hence  the  limitation  of  the  movement 
in  one  direction  (see  p.  30),  In  muscle,  also,  the  definite  arrangement 
of  the  spongioplasm  (represented  by  the  sarcous  element)  in  a  longi- 
tudinal direction  limits  the  movement  of  the  hyaloplasm  (represented 
by  the  clear  substance  of  the  light  stripe)^  so  that  it  must  flow  either 
in  or  out  in  that  particular  direction.  The  muscular  fibre  is  made  up 
of  sarcoatyles  and  the  sareostyle  of  sarcomeres.     The  contraction  of 

•  The  existence  of  open  pores  h  oot  admitted  by  all  observers.  The^  regiLTd 
tiic  pftsnge  of  fluid  in  and  out  of  the  s^ircous  element  bls  due  to  difTusion  thruugh 
its  membrane. 
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the  whole  muscle  is  only  the  eum  total  of  the  contraction  of  all  the 
constituent  sarcomeres. 

In  an  ordinary  muscular  fibre  it  is  stated  that  when  it  contracts, 
not  only  does  it  become  thicker  and  shorter,  but  the  light  stripes 
become  dark  and  the  dark  stripes  light.  This  again  is  only  an  optical 
iUuaion,  and  is  produced  by  the  alterations  in  the  shape  of  thc^  sarco- 
styles,  aflfecting  the  sarcoplasm 
that  lies  between  them.  When 
the  sarcous  elements  swell  during 
contraction,  the  sarcoplasm  accu- 
niidatee  opposite  the  membranes 
of  Ki'anse,  and  diminishes  in 
amount  opposite  the  sarcous 
elements;  the  accumulation  of 
sarcoplasm  in  the  previously 
light  stripes  makes  them  appear 
darker  by  contrast  than  the  dark 
stripes  proper.  This  is  very 
well  shown  in  fig.  110.  There 
is  no  true  reversal  of  the  strip- 
ings  in  the  sarcostyles  them- 
selves. 

That  this  £s  the  ease  c^an  be  neen 
rcry  well  when  n  rTm.'5f'U[nr  fibre  Ls 
examined  with  pokrrscd  light.  A 
polarising  microseope  contains  &  Nicor*  ___ 

prism  beneath  the  stuge  of  the  mlcrci-       '     BHWl  ihx  iJ^^iJ^i..^  J  ! 
scope  whU'h  polarises  the  li|<ht  pussinir 
through  the  obje^'t  placed  on  the  stage. 
The  eye-piece  contnins  anollier  Nicors 
priiiT].  wnich  detects  this  fact.     If  the  ^tmii'M 

two  Mieols  are  |^>aralleU  the  light  pons-  lBi(ii4  ' 

ing  through  the  tirst  passefl  aJio  through  Vff^  itt' 

the  secona  ;  but  if  the  second  is  at  right 
angles  to  the  first »  the  light  cannot  R 
traverse  it  and  the  field  appears  dark. 
If  an  object  on  the  microscope  stage  is 
doubly  refrat'ting  it  will  appear  bright 
in  this  dark  field ;  if  it  remains  dark  ^^'^ 
it  15  singly  refracting.  The  sarcoplasm 
is  singly  refracting  or  isotropous  i  it 
remains  dark  in  the  dark  field  of  the 
polarising  microscope.  The  muscle  columns  or  sarcostyles  are  in  great  measure 
doubly  refmciing  or  anl^iOtroiiKius,  and  appear  bright  in  the  dark  field  of  the 
polarising  microscope.  Tho  s^inxist vie,  however,  ts  not  wholly  doubly  reft-acting  j 
the  san-ous  elements  are  doubly  refracting,  and  the  clear  intervals  are  singly 
refracting.  On  contraction  there  is  no  reversal  of  these  appearances,  though  of 
course  the  relative  thickness  of  the  singly  refracting  intervals  varies  inversely 
with  that  of  the  doubly  refracting  sareous  elements. 

Ending  of  Mtiscle  in  Tmdim. — ^A  tendon-bundle  paases  to  eacli 
muscular  fibre^  and  beconiea  firmly  united  to  the  sarcolemma.     The 


K  ilO^ — Wftvu  of  i:utjbni*'iL<.ijj  lJU^^«lJl||  over  a  mas* 
cu\iLt  Dbfe  at  water- bettlflM  a*  Ht  iwrtloiu  of 
tTte  nbre  at  mt ;  c,  «<iiitnct«d  pmrt  \  ift,  tater- 
n)adiat.«  ooDditloa.    (Sohiife]-.) 
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areolar  tiissiie  between  the  tendon-bundles  l)ecomes  alao  contmuouB 
with  that  between  the  muscular  fibrea  (fig.  HI). 

Bitml-vemals  of  Mmde. — The  arteriea  break  up  into  capilkries. 
which  run  longitudinally  in  the  endomyaium,  transvei^  branches 
GOEEecting  them  (fig,  112).  No  blood-vessels  ever  penetrate  the 
Baicolemma  The  muscular  fibres  are  thus,  like  other  tissues, 
nourished  by  the  exudation  from  the  blood  called  lymph.  The  lymph 
is  removed  by  lymphatic  vessels  found  in  the 
perhiijsium, 

Th€  nerves  of  voluntary  muscle  pierce  the 
sarcolerania,    and    terminate    in    expansions 
callefl  end-plates,  to  he  described  on  p*  95. 
Nmro-musailaT  Spindles. — Bundles  of  fine 


Fio.  lia.— Thran  muiicalar  flbi^i 
ratmtiig  lodtrftudliiRlly,  «id 
iwo  bandloa  of  fibni*  in  fcT»n»- 

tiscigiaa.  The  cftplllaTlei,  O, 
snli^Mitwl,  X 150.  (Kkla 
mndNoblftSinUb.) 


Fio.    111.— Tfrnnlriatioo   of  * 
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(it  muiOiil*r  ftabaUiictf  «, 
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muscular  fibres  enclosed  within  a  thick  lamel- 
lated  sheath  of  connective  tissue  are  found 
scattered  through  volimtary  muscles;  they 
are  especially  numerous  near  the  tendons  and 
in  the  proximity  of  intra -muscular  septa.  It 
is  remarkable  that  they  ha%'e  not  been  found 
in  the  ocular  or  tongue  muscles.  These  structures  are  called  Tietiro-  \ 
museular  spindles;  they  vary  in  length  from  Jr  to  ^  inch,  and  are 
about  Y J-5-  inch  in  diameter.  Eaeh  receives  a  nerve  fibre  which 
divides  into  secondary  and  tertiary  branches.  The  myelin  sheath 
is  lost,  and  the  tertiary  branches  encircle  the  muscidar  fibres^ 
breaking  up  usually  into  a  network.  It  is  believed  that  thesa^ 
are  sensory  end  organs  in  the  muscle.  (See  further,  chapter  LTI.  on  j 
Touch.) 
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Red  Muscles. 

In  raany  animals,  such  as  the  rabbit,  and  some  fishes,  most  of  the 
muscles  are  pale,  but  some  few  (like  the  diaphragm,  crureus,  soleus, 
semi-membranosus  in  the  rabbit)  are  red.    These  muscles  contract 
more  slowly  than  the  pale  muscles,  and  their  red  tint  is  due  to  hcBmo^i 
globia  contained  within  their  contmctOe  substance. 

In  addition  to  these  physiological  distinctions,  there  are  histo* 
logical  dififerences  between  them  and  ordinary  striped  muscle.  These 
histological  diflferencos  are  the  foUowing ; — 

1.  Their  muscular  fibres  are  thinner, 

2.  They  have  more  sarcoplaam. 

3.  Longitudinal  striation  is  therefore  more  distinct 

4.  Transverse  striation  is  more  irregular  than  usual 

5.  Their  nuclei  are  situated  not  only  under  the  sarcolemmap  but 
also  in  the  thickneBS  of  the  fibre. 

6.  The  transverse  loops  of  the  capillary  network  are  dilated  into 
little  reservoirs,  far  beyond  the  size  of  ordinary  capillaries. 


Oanllac  Mu&ole. 

The  muscular  fibres  of  the  heart,  unlike  those  of  most  of  the 
involuntary  muscles,  are  striated ;  but  although,  in  this  respect,  they 
resemble  the  skeletal  muscles,  they  have 
distinguishing  characteristics  of  their  own. 
The  fibres  which  lie  side  by  aide  are 
united  at  frequent  intervals  by  short 
branches  (fig,  113).  The  fibres  are  smaller 
tlian  those  of  the  ordinary  striated  muscles, 
and  their  transverse  striation  is  less 
distinct*  No  sarcolemma  can  be  dis- 
cerned Each  fibre  has  only  one  nucleus 
which  is  situated  in  the  middle  of  its 
Bubstanea  At  the  junctions  of  the  fibres 
there  is  a  certain  amount  of  cementing 
material,  stainable  by  silver  nitrate.  This 
is  bridged  across  by  fine  fihrils  from  cell 
to  celk 


Plain  Muscle. 


Itifl  hnrt.    (K.  A,  ScblifeT.) 


Plain  muscle  forms  the  proper  muscular  coats  (1,)  of  the  digestive  j 
canal  from  the  middle  of  the  cesophagus  to  the  internal  sphincter ' 
ani ;  (2,)  of  the  ureters  and  urinary  bladder ;  (3,)  of  the  trachea  and 
bronchi;  (4)  of  the  ducts  of  glands;  (5,)  of  the  gall-bladder :  (6.>  of 
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the vesicuire aeminales ;  (7.)  of  the  uterus  and  Fallopian  tubes;  (SJ  of 
blcKid-vessela  and  Ijinphatics ;  (9.)  of  the  iris,  and  ciliary  muscle  of  the 
eya  This  form  of  tissue  also  enters  largely  into  the  compOBition  (10*) 
of  the  tunica  darios,  the  contraction  of  which  is  the  principal  cause  of 
the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold.  It 
occurs  also  in  the  skin  generally,  being  found  surrounding  the  secret- 
ing part  of  the  sweat  glands  and  in  small  bundles  attached  to  the  hair 
follielea ;  it  also  occurs  in  the  areola  of  the  nippla  It  is  composed  of 
long,  fusiform  ceUs  (fig,  114),  which  vary  in  length,  but  are  not  as  a 
rule  more  than  ^  J^  inch  long.  Each  cell  has  an  oval  or  rod-shaped 
nucleus.     The  cell  substance  is  longitudinally  but  not  transversely 


Fig,  1 14,^34  a  ftCalflf  abr«-c»lii  from  the  mnscalAr  tfm.1  ot  intestine— higb  I;  muni  fled.    NoU)  tha  loticl- 
Itidlii&l  itrUtloa,  And  Lu  the  brokftn  fibre  Ula  flbiAtb  ii  vMuo, 

striated.  Each  ceU  or  fibre,  as  it  may  also  be  termed,  has  a  delicate 
sheath.  The  fibres  are  united  by  cementing  material,  which  can  be 
stained  by  silver  nitrate.  This  intercellular  substance  is  bridged 
across  by  fine  filaments  passing  from  cell  to  cell 

The  nerves  in  involuntary  muscle  (both  cardiac  and  plain)  do  not 
terminate  in  end-plates,  but  by  plexuses  or  networks,  which  ramify 
between  and  around  the  muscular  fibres. 


Development  of  Muscular  Fibres, 

All  muscular  fibres  (except  those  of  the  sweat  glands  which  are 
epibkstic)  originate  from  the  mesoblast.  Th^  plain  fibres  are  simply 
elongated  cells  in  which  the  nucleus  becomes  rod-shaped.     In  card'uic 
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muscle,  the  likenesB  to  the  original  cells  from  which  the  fibres  are 
fonned  is  not  altogether  lost,  and  in  certain  situations  (immediatelj 
beneath  the  lining  membrane  of  the  ventricles)  there  are  found  peculiar 
fibres  called  after  their  cHscoyerer  Ftirkinje's^hrcs ;  these  are  large  clear 
quadrangular  ceUs  with  granular  protoplasm  contain- 
ing several  nuclei  in  the  centre,  and  striated  at  the 
margin.  It  appears  that  the  differentiation  of  these 
cells  is  arrested  at  an  early  stage,  though  they  con- 
tinue to  grow  in  size. 

Voluntary  muscular  fibres  are  developed  from  cells 
which  become  elongated,  and  tlie  nuclei  of  which  mul- 
tiply. In  most  striated  muBcle  fibres  the  nuclei  ulti- 
mately take  up  a  position  beneath  the  cell-wall  or 
sarcolemma  whicli  is  formed  on  the  surface.  Stria- 
tions  appear  fijst  along  one  side,  and  extend  round  the 
fibre  (fig.  115),  then  they  eitend  into  the  centre. 

During  life  new  fibres  appear  to  be  formed  in  part 
by  a  longitudinal  spUtting  of  pre-existing  fibres ;  this 
is  preceded  by  a  multiphcation  of  nuclei ;  and  in  part 
by  the  lengthening  and  differentiation  of  embryonic 
cells  (sarcoplasts)  found  between  the  fully  formed 
fibres. 

In  plain  muscle,  growth  occurs  in  a  similar  way : 
this  is  well  illustrated  in  the  enlargement  of  the  uterus  during 
pregnancy  J  this  is  due  in  part  to  the  growth  of  the  pre-existing 
fibres,  and  in  part  to  the  formation  of  new  fibres  from  small 
^nular  calls  lying  between  them.  After  parturition  the  fibres 
shrink  to  their  original  si2e,  but  many  undergo  fatty  degeneration 
and  are  removed  by  absorption. 


Ing  tnUHCuUr  Qhm 
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Nervous  tissue  is  the  material  of  which  the  nervous  system  is  com- 
poaed.  The  nervous  ajatem  is  composed  of  two  parts,  the  cmdral 
nervous  s^stmn,  and  thep&ri^kerai  nervmts  system.  The  central  nervous 
system  consists  of  the  brain  and  spinal  cord ;  the  peripheral  nervous 
system  consists  of  the  nerveSi  which  conduct  the  impulses  to  and  from  , 


Fii*  llO.^TwoiifliTQ'flbraHDrcciatte 
iiurye,  jk*  Node  of  ElanvfeT, 
H^  AjtiS'CylUider.  c.  Hbc'Mth  of 
Scbwbtm^  vfllh  auclej.  Bledul- 
lary  ^AljfAtb  Is  not  stAictHl.  x  dOCi. 
(Klein  mud  Noble  SmitJu) 


FiQ.  117.— Aj!ciiit7lidder| 
blgfalv  magntned, 
iJvowiiig  its  fom- 
ptttkctit    tlbrfl^.    ()i« 


the  central  nervous  system,  and  thus  bring  the  nerve  centres  into  ^ 
relationship  with  other  parts  of  the  body. 

Some  of  the  nerves  conduct  impulses  from  the  nerve-centres  and 
are  called  efferent ;  those  which  conduct  impulses  in  the  opposite 
direction  are  called  afferent  When  one  wishes  to  move  the  hand,  the 
nervous  impulse  starts  in  the  brain  and  passes  down  the  efferent  or 
motor  nerve-tracts  to  the  muscles  of  the  hand,  which  contract ;  when 
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one  foels  pain  in  the  band,  afferent  or  Bensorj  Derve-tracts  convey  an 
impulsa  to  the  brain  which  ia  theiB  interpreted  as  a  sensation.  If  all 
the  nerves  going  to  the  hand  are  cut  tlirough,  all  com* 
mnnication  with  the  nerve-centrea  is  destroyed,  and 
the  hand  loses  the  power  of  moving  under  the  intluenco 
of  the  will,  and  the  brain  receives  no  impulses  from 
the  hand,  or,  as  we  say,  the  hand  has  lost  eenaibility. 

This  distinction  between  efferent  and  afferent 
nerves  is  a  physiological  one,  which  we  shall  work 
out  mora  thoroughly  later  on.  Ko  histological  dis- 
tinction can  be  made  out  between 
motor  and  sensory  nerves,  and  it 
is  histological  structure  which 
we  wish  to  dwell  upon  in  this 
chapter. 

Under  the  microscope  nervous 
tissue  is  found  to  consist  essen* 
tially  of  nwv€-€slls  and  their 
branches.  The  nerve-cells  are 
contained  in  the  brain  and  spinal 
cordp  and  in  smaller  collections 
of  cells  on  the  course  of  the 
nerves  called  ganglia.  The  part 
of  the  nerve-centres  containing 
cells  is  called  grey  maiter. 

Long  branches  of  the  nerve- 
cells  are  known  as  nerve*Jibres. 
These  become  sheathed  in  a 
manner  to  be  immerliately  de- 
scribed, and  are  contained  in  the 
nerves,  and  in  the  whUe  matter  of 
brain  and  spinal  cord.  The  bodies 
of  nerve-cells  differ  in  size,  shape, 
and  arrangement,  and  we  slmll 
discuss  theee  fully  when  we  get 
to  the  nerve-centrea  For  the 
present  it  will  he  convenient  to  confine  ourselves  to 
the  nerve-fibres  as  they  are  found  in  a  nerva 

Kenre-fihres  are  of  two  hifltolpgical  kinds,  medyl- 

kU^i  and  Tion-meduilaUd,     Medmlated  nerve-fibreA 

are  found  in  the  white  naattar  of  the  nerve-pentres 

no,  ii«.-Nerr«-  ^^^  ^  the  nerves  origiji&ting  from   the  braiii  and 

ibre  itMEied  witii  spinal  oonL    Non-medttlkted  nerve-fibres  ocoht 

»Qd«^  B,  traejeoik  the  Sympathetic  nerves. 

22>  "^    ®^        The  maduUated  or  white  fibres  are  chamci 
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by  a  aheath  of  white  colour^  fatty  in  aature,  aod^  stained  black  by 
osmic  acid;  it  is  called  the  mMidlary  shiotk  or  white  suhstance  af 
Schwann;  this  sheathes  the  easential  part  of  the  fibre  whicli  is  a 
pro€es8  from  a  nerve-cell,  and  is  called  the  asm  v^lindtr.  Outside 
the  malullary  sheath  is  a  thin  homogeneous  membrane  of  elastic 
nature  called  the  primitive  sheath  or  neurUsmma. 

17u  axis  cylinder  is  a  soft  transparent  thread  in  the  middle  of  the 
fibre;  it  is  made  np  of  exceedingly  fine  fibrils  (fig.  117)  which  stain 
readily  with  gold  chloride.  The  m^uUary  sheath  gives  a  character- 
istic double  contour  and  tubular  appearance  to  the  fibre.  It  is  inter- 
rupted at  regular  intervals  known  as  the  nodes  of  Eanvier.  The 
stretch  of  a  nerve  fibre  between  two  nodes  is  called  an  inter -nodej  and 
in  the  middle  of  each  inter-node  is  a  nucleus  which  belongs  to  the 


Fib,  130.— Sciill  bmocb  of  a  miiacalar  nervft  of  the  frog,  near  tts  t^*rmIii*t1on,  ilQwIng  dt vision  of  tlie 
Bbr&B,    a,  Into  two  ,  h,  InUi  ihTen,     x  364.    (Eolllker.) 

primitive  sheath.  Besides  these  interruptions,  a  variable  number  of 
oblique  clefts  are  also  seen  dividing  the  sheath  into  medullary  seg- 
ments (fig,  118);  but  most  if  not  all  of  theae  are  produced  artificially 
in  the  preparation  of  the  specimen. 

The  medullary  sheath  also  contains  a  horny  substance  called 
nmiTokeratin :  the  arrangement  of  this  subs  tan  oe  is  in  the  form  of  a 
network  or  reticulum  holding  the  fatty  matter  of  the  sheath  in  its 
meshes.  The  oceurrence  of  horny  matter  in  the  epidermis,  in  the 
development  of  the  enamel  of  teeth  and  in  nerve  is  an  interesting 
chemical  reminder  that  all  these  tissues  originate  from  the  same 
embryonic  layer,  the  epiblast.  The  fatty  matter  consists  largely  of 
kcitkin,  a  phosphorised  fat*  and  cholesterin,  a  monatomic  alcohol 

Near  their  terminations  the  nerve-fibres  branch :  the  brandling 
occurs  at  a  node  (fig,  120). 


CH.  VIL] 


NERYE-FIBRBS 


Staining  with  silver  nitrate  produces  a  peculiar  appearance  at  the 
nodes,  forming  what  is  known  as  the  crosses  of  Ranvur. 

One  limb  of  the  cross  is  produced  by  the  dark  staining  of  cement 

[/) 


a.  l!Jl.--8flverti  librea  of»  btiridleof  mwlallibsd  nerve-flbras  iict<Mi  upon  by  lilvot  nitrntq  to  show 
bfi'bJiA.'lour  of  uode»  of  Hanviert  M,  towirds  thil  reaEeni.  Tbe  ailxt^t  bu  penetrated  at  tba  tio<]tifl| 
ftcd  bu  itiUncd  the  axi^-^lJnder,  II,  ftir  ji  Aboit  dltUncft.  E^  tbo  white  suhatAEice,  (KMa  and 
Kobis  Smith.) 

substance  which  occurs  between  the  segments  of  the  neurilemma ;  the 
other  limb  of  the  cross  is  due  to  the  staining  of  a  number  of  minute 
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P)^J^HHHMfili>^  flf«ctioii  or  tb«  Bclftlir  tierve  of  u  cat  cibout  x  100^ — It  coPflUta  of  butu^tliu 
NIHW3^iMB?«^JlbruM  enahf^MXinad  in  ii  fibrous.  atJp[ioniiig  capiitile,  tpitumHam,  A*  each  buodlB 
Jt  flpeelHl  »ltPttth  (Eiot  Rurtkicniiy  inmrked  out  from  this  rpinruriifm  in  th«  tigiizf!)  orf»cr(»itifHi(1i% 
B;  tha  nerVfrJlbnis  N/  *Te  wj'arflt»*<l  fPon>  one  HQothnf  by  fniionfftHuTnl  L^  lytDjJb  nptvOnl  Ar, 
ftrtery:  V,  vein;  F,UU    Ajiiiewlmt di*|fr»ini[]*tk.    (V,  R  Harris.) 

transverse  bands  in  the  axis  cylinder  {Fromann*s  linss),  which  is  hero 
nob  closely  invested  by  the  medullary  sheath  (fig-  121)* 
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The  arrangement  of  the  nerve-fibrea  in  a  nerve  is  befit  seen  in  a 
transveree  section. 

The  nerve  is  composed  of  a  number  of  bundles  oi  funiculi  of  nerve- 
fibres  bound  together  by  connective  tissue.  The  sheath  of  the  whole 
nerve  is  called  the  t^netirium ;  that  of  the  funiculi  the  ptrinmiHum  ; 
that  which  passes  between  the  fibres  in  a  funiculus,  the  mdoruurium 
(fig.  122).  Single  nerve-fibres  passing  to  their  destination  are  sur- 
rounded by  a  prolongation  of  the  perineurium,  known  as  the  Sheath 
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of  Hmk.    The  nerve  trmiks  themselyes  receive  nerve-fibrea  which 
ramify  and  terminate  aa  end-bulbs  in  the  epineurium. 

The  size  of  the  nerve-fibres  varies ;  the  largest  fibres  are  found  in 
the  spinal  nerves,  wliere  they  are  14"4  to  19m  ^  diameter:*  Othera 
mixed  with  these  measure  I'S  to  3'6/i*  These  small  nerve-fibres  are 
the  visceral  nerves ;  they  pass  to  collections  of  nerve-cellfl  called  the 
sympathetic  gangUa,  whence  they  emerge  as  non-medullated  fibres^ 
and  are  distributed  to  involuntary  muscle.     They  are  well  seen  in 

*  ju  2  iiiicrCKmiIUncietr«  =  i^  n  miUlmetre. 
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fiections  Btained  by  oamio  acid,  the  bkck  rings  being  the  stained 
medullarj  sheaths  (fig.  123). 

The  non-meduUated  fibres  ot  fibres  of  Esrriak  have  bo  mediUlary 
ahaath,  and  are  therefore  devoid  of  the  double  contour  of  the  medul- 
kted  fibres,  and  are  imaffectad  in  appearance  by  osmic  acid.     They 


FWt  HL—Qmy,  or  non-m^uJI^ted  nvrvo-fibrei.  A*  Fforo  «  biatjch  of  fhe  olfkdory  nerre  of  thfl 
ttuMp;  t^o  dftTk- bordered  or  whit«  Hbfu*  from  tke  lirth  pilr  ara  uaockt«d  with  tb<;  jtale  olfkctoiy 
lllTOi    B,  From  tho  ^iiipatti«ttG  nfliriSv     x  450,    (M&x  Sclmltien.) 

consist  of  an  axis  cylinder  covered  by  a  nucleated  fibrillated  sheath. 
They  branch  frequently. 

Though  principallj  found  in  the  aym pathetic  nen^es,  a  few  are 
found  in  the  spinal  nerves  mixed  with  the  medulla  ted  fibres. 


Termination  of  Nerves  in  Muscle* 

In  the  voluntary  muscles  the  motor  nerve-fibres  have  special  end 
organs  called  mid^plaUs.  The  fibre  branches  two  or  three  times  (figs, 
120,  125),  and  each  branch  goes  to  a  muscular  fibre,  Here  the 
neuiilemma  Ijecomes  continuous  with  the  sarcolemma,  the  medullary 
sheath  stops  shorty  and  the  axis  cylinder  branches  repeatedly.  This 
ramification  is  embedded  in  a  layer  of  granular  protoplasm  containing 
nimierous  nuclei.  Considerable  variation  in  shape  of  the  end-plates 
occurs  in  different  parts  of  the  animal  kingdom.  Somewhat  similar 
nerve-endings  are  seen  in  tendon;  these,  however,  are  doubtless 
sensory  (figs,  126,  127> 

In  the  involuntary  mtiscks,  the  fibres,  which  are  for  the  most  part 
non-medullated,  form  complicated  plexuses  near  their  termination. 
The  plexus  of  Auerbach  (fig*  128)  between  the  muscular  coats  of  the 
intaatine  is  a  typical  case.  Groups  of  nerve-cells  will  be  noticed  at 
the  junctions  of  tbo  fine  nervous  cords.  From  these  plexuses  fino 
branches  pass  off  and  bifurcate  at  frequent  intervals,  until  at  last 
ultimate  fibrillae  are  reached*  These  subdivisions  of  the  axis  cylinders 
do  not  anastomose  with  one  another,  but  they  come  into  close  relation- 
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^p  with  the  involuntary  muBCular  fibreB ;  though  flome  hiatolo^ats 
have  stated  that  they  end  in  the  nuclei  of  the  musoular  fibres/ it  is 
now  believed  that  they  do  not  pass  into  their  interior* 


Fio.  13fi,— From  &  pnpAntloii  of  ihe  nerv&-tonnliiAt1oti  In  tbii  mnacalu  flbiw  of  t  «iiAke.    a,  Bud- 
plfliu  aeoD  kt  aurfice  viow*     (>,  £n4»pUt«  seen  in  proJlIe»    (Llngwd  mud  Kleia.) 

The  terminations  of  sensory  nerves  are  in  Bomo  cases  plexuses, 
in  others  special  end  organs.  We  shall  deal  with  these  in  our  study 
of  sensation. 


z 


/, 


7 


nv 


tiurve*llkB«s  la  mndon  near  tho  must- 
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Development  of  Nerve-flbree. 

A  nerve-fibra  ia  primarily  an  out-growth  from  a  norve-cell,  as  ia 
shown  in  the  accompanying  diagram  (fig.  129).  A  nerve-ceU,  though 
it  may  have  many  branches,  only  gives  off  on©  process  which  becomes 
the  axis  cylinder  of  a  nerve-fibre.  This  acquires  a  medullary  sheath 
when  it  passes  into  the  wliite  matter  of  the  brain  or  spinal  cord^  aad 
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probably  mesoblastic.  Tho  medullaiy  sheath  is  tonned,  aocording  to 
some,  by  a  fatty  change  occurring  in  the  parts  of  these  same  cells 
which  are  nearest  to  the  axis  cylinder,  but  it  is  much  more  probable 
that  it  is  formed  from  the  peripheral  layer  of  the  axis  cylinder ;  the 
presence  of  neurokeratin  in  it  diistinctly  points  to  an  epiblastic  origin. 
The  fact  also  that,  in  the  nerve  centres,  the  medullated  nerve-fibres 
have  no  primitive  sheath,  and  the  phenomena  of  Wallerian  degenera- 
tion, to  be  described  later,  all  tend  to  confirm  the  same  view. 


CHAPTER  VIII 

iRRrrABiLnr  akd  contractilitt 

Irrimbility  or  Excitability  is  the  power  that  certain  tiesuee  possees 
of  responding  hj  some  change  {transformation  of  energy)  to  the  action 
of  an  external  agent.     This  external  agent  is  csalled  a  stimulus. 

Undifferentiated  celle  such  as  white  blood -corpuscles  are  irritable; 
when  stimuli  are  applied  to  them  they  execute  the  movements  we 
have  learnt  to  call  amcshoid* 

Ciliated  epithelium  cells  and  muacular  fibres  are  irritable ;  they 
also  execute  movements  under  the  influence  of  stimulL 

Kerves  are  irritable ;  when  they  are  stimidated,  a  change  is  pro- 
duced iu  tliem;  this  change  is  propagated  along  the  nerve,  and  is 
called  a  nervous  impulse ;  there  is  no  change  of  form  in  the  nerve 
visible  to  the  highest  powers  of  the  microscope ;  much  more  delicate 
and  sensitive  instruments  than  a  microscope  must  be  employed  to 
obtain  evidence  of  a  change  in  the  nerve ;  it  is  of  a  molecular  nature. 
But  the  irritability  of  nerve  is  readily  manifested  by  the  results  the 
nervous  impulse  produces  in  the  organ  to  which  it  goes;  thus  the 
stimulation  of  a  motor  nerve  produces  a  nervous  impulse  in  that  nerve 
which,  when  it  reaches  a  muscle,  causes  the  muscle  to  contract! 
stimulation  of  a  sensory  nerve  produces  a  nervous  impulse  in  that 
n&rvQ  which,  when  it  reaches  the  brain,  causes  a  sensation. 

^  Secreting  glands  are  irritable ;  when  irritated  or  stimulated  they 
secrete. 

The  electrical  organs  found  in  many  fishes  like  the  electric  eel, 
and  torpedo  ray,  are  irritable ;  when  they  are  stimulated  they  give 
rise  to  an  electrical  discharga 

ContractlUty  is  the  power  that  certain  tissues  possess  of  respond* 
ing  to  a  stimulus  by  change  of  form.  Contractility  and  irritability 
do  not  necessarily  go  together;  thus  both  muscle  and  nerve  are 
irritable^  but  of  the  two,  only  muscle  is  contractile. 

Some  movements  visible  to  the  microscope  are  not  due  to  con- 
tractility ;  thus  granules  in  protoplasm  or  in  a  vacuole  may  often  be 
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eaen  to  exhibit  irrogular,  ahakiiig  moiremants  due  eiiiiply  to  vibrations 

trananiitted  to  them  from  the  outsida     Such  movement  is  known 
aa  Brownian  movement 

Instances  of  contractility  are  seen  in  the  following  cases; — 
1*  The  movements  of  protoplasm   seen  in  simple  animal  and ' 
vegetable  cells ;  in  the  former  we  have  already  considered  streaming, 
gliding,  and  amoeboid  movement  (see  p,  12);  in  the  latter  case  we 
have  noted  the  rotatory  movements  of  the  protoplasm  within  the  ceU 
wall  in  certain  plants  (see  p,  13). 

2.  The  movements  of  pigment  cella  These  are  well  seen  under 
the  akin  of  such  an  animal  as  the  frog ;  under  the  influence  of  elec- 
tricity and  of  other  stimuE,  especially  of  light,  the  pigment  granules 
are  massed  together  in  the  body  of  the  cell,  leaving  the  procesaes 
quite  transparent  (fig.  130).  If  the  stimulus  is  removed  the  granules 
gradually  extend  into  the  processes  again.  Thus  the  skin  of  the 
frog  is  sometimea   uniformly   dusky,  and    sometimes    quite    light 
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FiUt  191, — PlgmQiit  C4lli  tram  tho  rvtlnft^  a^  oetts 
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B,  two  c«IJb  *efln  In  profile;  a,  tlia  oatwr  of 
postarloT  purt  ooutKLnlng  acaz^y  my  {^Jg> 


coloured.  The  chamseleon  is  an  animal  which  has  become  almoBt 
proverbial,  since  it  possesses  the  same  power  to  a  marked  degree. 
This  function  is  a  protective  one ;  the  animal  approximates  in  colour 
that  of  its  surroundings,  and  so  escapes  detectiou^ 

In  the  retina  we  shall  find  a  layer  of  pigment  cells  (fig.  131)»  the 
granules  in  which  are  capable  of  moving  in  the  protoplasm  in  a  some- 
what similar  way ;  the  normal  stimulus  here  also  is  light. 

3.  Ciliary  movement ;  here  we  have  a  much  more  orderly  move*] 
ment  which  has  already  been  described  (see  p.  29). 

4  In  VorticellsB,  a  spiral  thread  of  protopkam  in  their  stalk 
enables  them  by  contracting  it  to  lower  the  bell  at  the  end  of  the 
stalk. 

5.  In  certain  of  the  higher  plants,  such  as  the  sensitive  and  carni- 
vorous plants,  movements  of  the  stalks  and  sensitive  hairs  of  tho] 
leaves  occur  under  the  influence  of  stimuli. 

6.  Muscular  movement.     This  for  the  student  of  human  physio- 
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logy  i&  fJie  mo3t  important  of  the  eeiies ;  it  is  by  their  muscles  that 
the  higher  animals  (man  included)  exBCiite  most  of  their  movements. 

If  we  contrast  together  amoeboidp  ciliary,  and  mnscular  movement, 
we  find  that  they  differ  from  each  other  very  considerably^  Amcsboid 
movement  can  occur  in  any  part  of  an  amoeboid  cell,  and  in  any 
direction*  CiUary  and  muscular  movement  are  limited  to  one  direc- 
tion ;  but  they  are  all  essentially  similar,  consisting  of  the  movement 
of  hyaloplasm  in  and  out  of  spongioplaam ;  it  is  the  arrangement  of 
the  spongioplasm  that  limits  and  controls  the  movement  of  the  hyalo- 
plasm (see  also  p.  84), 

EhythmiccdUy. — In  some  forms  of  movement  there  is  not  only 
order  in  direction,  but  order  in  time  also.  This  ia  seen  in  ciliary 
movement,  and  in  many  involuntary  forms  of  muscular  tissue,  such 
as  that  of  the  heart.  Here  periods  of  contraction  alternate  with 
periods  of  rest,  and  this  occurs  at  regular  intervals.  Under  the  influ- 
ence of  certain  saline  solutions,*  voluntary  muscles  may  be  made 
artificially  to  exhibit  rhythmic  contractions, 

A  famihar  instance  of  rhythmic  movement  in  the  inorganic  world 
ia  seen  in  a  water-tap  nearly  turned  off  but  dripping ;  water  accumu- 
lates at  the  mouth  of  the  tap  till  the  drop  is  big  enough  to  fall ;  it 
falls,  and  the  process  ia  repeated.  If,  instead  of  water,  gum  or 
treacle,  or  some  other  viscous  substance  is  watched  under  similar 
circumstances,  the  drops  fall  much  more  slowly;  each  drop  has  to  get 
bigger  before  it  possesses  enough  energy  to  fall  Thus  we  may  get 
different  degrees  or  rates  of  rhythmic  movement.  So  in  the  body, 
during  the  period  of  rest,  the  cilium  or  the  heart  is  accumulating 
potential  eiiergy,  till,  as  it  were,  it  becomes  so  charged  that  it  dis- 
charges ;  potential  energy  is  converted  into  kinetic  energy  or  move- 
ment 

When  contraction  travels  as  a  wave  along  muscular  fibres,  or  from 
one  mnscular  fibre  to  another,  the  term  peristalsis  is  employed. 
These  waves  are  well  seen  in  such  a  muscular  tube  as  the  intestine, 
and  are  instrumental  in  moving  its  contents  along.  The  hearth  con- 
traction is  a  similar  but  more  complicated  peristalsis  occurring  in  a 
rhythmic  manner. 

Muscle  and  nerve  are  admirable  tissues  for  studying  irritability 
and  contractility. 

The  question  may  be  first  asked,  what  evidence  there  ia  of  irrita- 
bility in  muscle?  May  not  tbe  irritability  be  a  property  of  the 
nerve-fibres  which  are  distributed  throughont  the  muscle  and  ter- 
minate in  its  fibres  I     The  doctrine  of  independent  muscular  irrita- 

*  6iedermatin*s   tliiid    lias    the    foUowtng    coiiiposition  :^Scidmm    chloride    5 

f:rammcs,  alkaline  sodjtim  pliospbate  2  gr.*  Hodium  carbonate  0'5  gr.,  water  1  litre. 
f  one  end  of  the  sartorius  of  a  cyrarised  frog  m  dipped  into  this  fluid,  it  con^racU 
rhythmkaltj  in  a  muiner  analogous  to  the  heurt  A  solution  of  pure  sodium 
chloride  (0^65  pertrent.)  has  a  similar  action. 
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bitity  was  enunciated  by  Haller  more  than  a  century  ago,  and  was 
afterwards  keenly  debated.     It  waa  finally  settled  by  an  experiment  of 

Claude  Bernard  which  can  be  easily  repeated  by  every  student. 

If  a  frog  is  taken  and  its  bram  destroyed  by  pithing,  it  loses  con- 
sciousness, but  the  circulation  goes  on.  and  the  tissues  of  its  bodj 
retain  their  vitality  for  a  considerable  time.  If  now  a  few  drops  of  a 
solution  of  curars,  the  Indian  arrow  poison,  are  injected  with  a  small 
syringe  under  the  skin  of  its  back,  it  loses  in  a  few  minutes  all  power  of 
movement.  If  next  the  sciatic  or  any  other  nerve  going  to  muscle  is 
dissected  out  and  stimulated,  no  movement  occurs  in  the  muscles  to 
which  it  is  distributed  Curare  paralyses  the  motor  end-plates,  so 
that  for  all  practical  purposes  the  muscles  are  nerveless ;  or  rather 
nervous  impulses  cannot  get  past  the  end-plates  and  cause  any  effect 
on  the  muscles.  But  if  the  muscles  are  stimulated  themselves,  they 
contract 

Another  proof  that  muscle  possesses  inherent  irritability  was 
adduced  by  Kilhne.  In  part  of  some  of  the  frog's  muscles  {e.g.  part 
of  the  sartorius)  there  are  no  nerves  at  all;  yet  these  parts  are 
irritable  and  contract  when  stimulated 

The  evidence  of  the  statement  juat  made  that  the  poisonous  effect 
of  curare  is  on  the  end-plates  is  the  following: — The  experiment 
described  proves  it  is  not  the  muscles  that  are  paralysed.  It  must 
therefore  be  either  the  nerves,  or  the  links  between  the  nerve-fibrea 
and  the  muscular  fibres.  By  a  process  of  exclusion  we  arrive  at  the 
conclusion  that  it  is  these  links,  for  the  following  experiment  shows  it 
is  not  the  nerves.  The  frog  is  pithed  as  beforep  and  then  one  of  its 
legs  is  tightly  ligatured  so  as  to  include  everything  except  the  sciatic 
nerve  of  that  leg.  Curare  is  injected  and  soon  spreads  by  the  circu- 
lating blood  all  over  the  body  except  to  the  leg  protected  by  the  liga- 
tura  It  can  get  to  the  sciatic  nerve  of  that  leg  because  that  was  not 
tied  in  with  the  rest  The  sciatic  nerve  of  the  other  leg  is  now 
dissected  out;  when  the  muscles  supplied  by  it  cease  to  contract 
when  the  nerve  is  stimulated,  the  frog  may  be  considered  to  be  fully 
under  the  influence  of  the  drug.  But  on  stimulating  the  sciatic 
nerve  of  the  protected  limb,  the  muscles  respond  normally;  this 
shows  that  the  nerve  which  has  been  exposed  to  the  action  of  the 
poison  has  not  been  affected  by  it 
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Varieties  of  SttmuU. 

The  normal  stimulus  that  leads  to  muscular  contraction  is  a 
nervous  impulse ;  this  is  converted  into  a  muscular  impulse  (visible 
as  a  contraction)  at  the  end -plates,  This  nerv^oua  impulse  starts  at 
the  nerve-centre,  brain  or  spinal  cord,  and  travels  down  the  nerve  to 
the  muscle.     In  a  reflex  action  the  nervous  impulse  in  the  nerve- 
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centre  is  started  by  a  sensory  iinpulso  from  the  peripliery;  thus 
when  ono  puts  one's  hand  on  something  impleasantly  hot,  the  hand  is 
removed ;  the  hot  object  causes  a  norvous  impulse  to  travel  to  the 
brain,  and  the  brain  reflects  down  to  the  muscles  of  the  hand  another 
impulse  by  the  motor  nerves  which  causes  the  muscles  to  contract  in 
such  a  manner  as  to  move  the  hand  out  of  the  way. 

But  the  details  of  muscular  contraction  can  be  more  readily 
studied  in  muscles  removed  from  the  body  of  such  an  animal  aa  the 
frog,  and  made  to  contract  by  artificial  stimuli.  When  we  have  con- 
aidererl  these,  we  can  return  to  the  lessons  tfiey  teach  us  about  the 
normal  contractions  in  our  own  bodies. 

The  first  thing  to  do  is  to  make  from  a  pithed  frog  a  Knu^dt-n^rm 
prtparatwn  ;  the  muscle  usually  selected  is  the  gastrocnemius,  the 
large  muscle  of  the  calf  of  the  leg,  with  the  sciatic  nerve  attached. 
For  some  experiments  the  sartorius  or  gracilis  may  be  used;  but 
nearly  all  can  be  demonstrated  on  the  gastrocnemius. 

The  tendon  of  the  gastrocnemius  may  be  tied  to  a  lever  with  a 
flag  at  the  end  of  it,  and  thus  its  ^ 

contractions  rendered  more   evi-  * 

dent;  the  bone  at  the  other  end 
is  fixed  in  a  clamp»  Stimuli  may 
be  applied  either  to  the  nerv^e  or 
to  the  muscla  If  the  stimidus  is 
applied  to  the  nerve,  it  is  called 
indirect  stimulation ;  the  stimulus 
starts  a  nervous  impulse  which 
travels  to  the  muscle ;  the  muscle 
is  thus  stimidated  as  it  is  in  voluntary  contraction  by  a  nervous 
impulse.  Stimulation  of  the  muscle  itself  is  called  direct  siimulation. 
These  stimuli  may  be  i 

L  Mechanical ;  for  instance  a  pinch  or  blow* 

2.  Cbemical ;  for  instance  salt  or  acid  sprinkled  on  the  nerve  or 
^muBcle. 

3.  Thermal ;  for  instance  touching  the  nerve  or  muscle  with  a  hot 
wire. 

4.  Electrical ;  the  constant  or  the  induced  current  may  be  used. 

In  all  cases  the  result  of  the  stimulation  is  a  muscular  contrac- 
tion. Of  all  methods  of  artificial  stimulation,  the  electrical  is  the 
one  most  generally  employed,  because  it  is  more  under  control  and 
^e  strength  and  duration  of  the  stimidi  {shocks)  can  be  regulated 
easily*     We  shall  therefore  have  to  study  some  electrical  apparatus. 

Chemical  stimuli  are  peculiar,  for  some  which  affect  muscle  do 
not  affect  nerve,  and  vice  versd ;  thus  glycerine  stimulatea  nerve,  but 
not  muscle;  ammonia  stimulates  muscle,  but  not  motor  nerves. 

We  may  regard  stimuli  as  liberators  of  energy ;  muscle  and  nerve 
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and  other  irritable  fltructures  undergo  distarbaaces  in  ooDsaquenca  of 

a  stimulua.  The  disturbance  is  some  form  of  movement,  viaible 
movement  in  the  case  of  muscle,  molecular  movement  in  the  case  of 
nerve.  A  Btimulus  may  be  regarded  as  added  motion.  Sir  William 
Growers  compares  it  to  the  blow  that  causes  djTiamite  to  explode,  or 
the  match  applied  to  a  train  of  gunpowder.  A  very  slight  blow  will 
explode  a  large  quantity  of  dynamite ;  a  very  small  epark  will  fire  a 
long  train  of  gunpowder.  So  in  muscle  or  nerve  the  effect  ia  often 
out  of  aU  proportion  to  the  strength  of  the  stimulus ;  a  light  touch 
on  the  surface  of  the  body  may  elicit  very  forcible  nervous  and 
muscular  disturbances ;  and  moreover,  the  effect  of  the  stimulua  is 
propagated  along  the  nerve  or  muscle  without  lose, 
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Muscle  undergoes  many  changes  when  it  contracts;  they  may  be 
enimierated  under  the  following  five  heads  t— 

1.  Changes  in  form. 

2.  Changes  in  extensibility  and  elasticity. 

3.  Changes  in  temperature, 

4  Changes  in  electrical  condition* 

5.  Chemical  changes. 

In  brief,  each  of  these  changes  is  as  follows : — 

1.  Ckangm  in  form. — The  miiscle  becomefl  shorter,  and  at  the  same 
time  thicker.  The  amount  of  shortening  raries  so  that  the  length  of 
the  muBcle  when  contracted  is  from  65  to  85  per  cent  of  what  it  was 
originally.  Up  to  a  certain  point,  increase  of  the  strength  of  the 
stimulus  increases  the  amount  of  contraction.  Fatigue  diminishes, 
and  up  to  about  33"  C.  the  application  of  heat  increases  the  amount 
of  contraction.  Beyond  this  temperature  the  muscular  substance 
begins  to  be  permanently  contracted,  and  a  condition  called  heat  rigor ^ 
due  to  coagulation  of  the  muscle  proteins,  sets  in  a  little  over  40''  C. 

What  the  muscle  loses  in  length  it  gains  in  width ;  there  is  no 
appreciable  change  of  voluma 

Among  the  changes  in  form  must  also  bo  mentioned  those  ctianges 
in  the  individual  muscular  fibres  which  require  a  microscope  for  their 
investigation ;  these  have  been  already  considered  (see  p,  84). 

2.  Changes  in  tlasticiip  and  exiensibiliiy, — The  contracted  muscle 
is  more  stretched  by  a  weight  in  proportion  to  its  length  than  an 
un contracted  muscle  with  the  same  weight  applied  to  it;  the 
extensibility  of  contracted  muscle  is  increased;  its  elasticity  is 
diminished^ 

3.  Changes  in  temperature— ^WheJi  muscle  is  at  work  or  contract- 
ing, more  energetic  chemical  changes  are  occurring  than  when  it  is 
at  rest ;  more  heat  is  produced  and  its  temperature  rises. 

4  Changes  in  electrical  condition.-^A  muscle  when  it  contracts 
uniler^oca  a  diphasic  variation  in  its  elactrical  condition. 
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5.  Chemical  changes, — ^Tliese  consist  in  on  increased  consumption 
of  oxygen,  and  an  increased  output  of  waste  materials  such  as  car- 
bonic acid,  and  sarco-Iactic  acid.  After  prolonged  contraction  the 
muscle  consequently  acquires  an  acid  reaction. 

These  five  sets  of  changes  will  form  the  subjects  of  the  following 
five  chapters. 


CHAPTER  X 


CHANGE   IN    FORM   IN   A    MUSCLE   WHIN   IT  CONTRACTS 


Though  it  has  been  known  since  the  time  of  Erasistratiis  (b.c,  a04) 
that  a  muscle  becomes  thicker  and  shorter  when  it  contracts,  it  was 
not  until  the  invention  of  the  graphU  method  by  Luclwig  and  Helm- 
holtz,  about  sixty  years  ago,  that  we  possessed  any  accurate  knowledge 
of  this  change.  The  main  fact  just  stated  may  be  seen  by  simply 
looking  at  a  contracting  muscle,  such  as  the  biceps  of  one's  own  arm ; 
but  mora  elaborate  apparatus  is  necessary  for  studying  the  various 
L|)bases  in  contraction  and  the  different  kinds  of  contraction  that  may 
f  occur. 

These  may  be  readily  demonstrated  on  the  ordinary  muscle-nerve 
preparation  (gastrocnemius  and  sciatic  nerve)  from  a  frog.  By  the 
graphic  method,  one  means  that  the  movement  is  recorded  by  a  writ- 
ing. We  shall  find  that  the  same  method  is  applied  to  the  heart's 
movements,  respiratory  movements,  blood  pressure,  and  many  other 
important  problems  in  physiology*  The  special  branch  of  the  graphic 
method  we  have  now  to  study  is  called  myography ;  the  instrument 
for  writing  is  called  a  myograph ;  the  writing  itself  is  called  a  myogram. 
Put  briefly,  a  myograph  consists  of  a  writing  point  at  the  end  of  a 
lever  attached  to  the  muscle,  and  a  writing  surface  which  travels  at  a 
uniform  rate,  on  which  the  writing  point  inscribes  its  movement. 

The  first  thing,  however,  that  is  wanted  is  something  to  stimulate 
the  muscle  and  make  it  contract ;  the  stimulus  is  usually  applied  to 
the  nerve,  and  the  form  of  stimulus  moat  frequently  employed  is 
electrical 

The  galvanic  battery  in  most  common  use  is  the  Danidl  e$lL  It 
consists  of  a  well*amalgamat^  ginc  rod  immersed  in  a  cylinder  of 
porous  earthenware  containing  10  per  cent  sulphuric  acid;  this  is 
contained  within  a  copper  vessel  (represented  as  transparent  for 
diagrammatic  purposes  in  fig,  133)  filled  with  saturated  solution  of 
copper  sulphata  Each  metal  has  a  binding  screw  attached  to  it,  to 
which  wires  can  be  fastened.  The  zinc  rod  is  called  the  positive 
it,  the  copper  the  negaiim  dmnsnt     The  distal  ends  of  the  wires 
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attached  to  these  are  called  pol^  or  eieetrodes,  and  the  pair  of  electrodes 
may  be  conveniently  held  in  a  special  form  of  holder.  The  eloetrode 
attached  to  the  positive  element  (zinc)  is  called  the  mgaiim  pole  or 

kathode ;  that  attached  to  the  negative  ele- 
ment (copper)  ia  called  the  pmittvepah  or 
anode.  If  now  the  two  electrodes  are  con- 
nected together,  an  electrical,  galvanic  or 
,_^_^^^^^^  constant  current  flows  from  the  copper  to 

^l  "If  l^'ws^g  the  dnc  ontaide  the  battery,  and  from  the 
zinc  to  the  copper  through  the  fluids  of  the 
battery ;  if  the  electrodes  are  not  connected 
the  circle  ia  broken,  and  no  current  can 
flow  at  all.  If  now  a  nerve  or  muscle  is 
kid  across  the  two  electrodes  the  circuit  is 
completed,  and  it  will  be  noticed  at  the 
moment  of  completion  of  the  circuit  the 
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muscle    enters    into    contraction;    if    the 


muscle  is  lifted  off  the  electrodes,  another  contraction  occurs  at  the 
moment  the  circuit  is  broken.  The  same  thing  is  done  more  con- 
veniently by  means  of  a  key:  fig.  134  represents  two  common 
forms  of  key*     A  key  is  a  piece  of  apparatus  by  which  the  current 


B.  Mercaiy  Key* 

can  be  allowed  to  pass  or  not 
tlirough  the  nerve  or  muscle  laid 
on  the  electrodes.  When  the  key 
is  open  the  current  is  broken,  as  in 
the  next  figure  (fig^  135);  when  it  is  closed  the  current  is  allowed 
to  pass.  The  opening  of  the  key  is  called  break;  the  closing  of  the 
key  is  called  make^  A  contraction  occurs  only  at  make  and  break, 
not  while  the  current  is  quietly  traversing  the  nerve  or  muacla 


''•    iFtG*  1S4.-^A.  Da  Bofa  Heymouil'i  Key, 


en  X]  BATTKltlKfi   ANU   KHYS  109 

But  it  will  be  seen  m  the  Du  Bois  BeyinoBd  key  (fig.  134)  that 
there  are  four  brndiug  screws.  This  key  is  ufied  as  a  bridge  or  short 
drcuiting  km^,  and  for  many  reasons  this  is  the  best  way  to  use  it. 
The  next  diagram  (fig.  136)  represents  this  diagrammatieally.  The 
two  wires  from  the  battery  go  one  to  each  side  of  the  key ;  the  elec- 
trodes come  off  one  from  each  side  of  the  key.  When  the  key  is  open 
DO  current  can  get  across  it,  and  therefore  all  the  current  has  to  go  to 
the  electrodes  with  the  nerve  resting  on  them  ;  but  when  the  key  is 
clooad,  the  current  is  cut  off  from  the  nerve,  as  then  practically  all  of 
it  goes  by  the  metal  bridge,  or  short  cut,  back  to  the  battery.  Theo* 
retically  a  small  amount  of  current  goes  through  the  uerve ;  but  the 
reaifitance  of  animal  tissues  to  electrical  currents  is  enormous  as  com- 
pared to  that  of  metal,  and  the  amount  of  electricity  that  flows  through 
a  conductor  ia  inversely  proportional  to  the  resistance ;  the  resistance 
in  the  metal  bridge  is  so  small  that  for  all  practical  purposes,  all  the 
current  passes  through  it 

Another  form  of  electrical  stimulus  is  the  tndwcerf  mrrmt,  pro- 
duced in  an  induction  coiL 

In  a  battery  of  which  the  metals  are  connected  by  a  wire,  we  have 
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seen  that  the  current  in  the  wire  travels  from  the  copper  to  the  zinc ; 
if  we  have  a  key  on  the  course  of  this  wire  the  current  can  be  made 
or  broken  at  will.  If  in  the  neighbourhood  of  this  wire  we  have  a 
second  wire  forming  a  complete  circle,  notliing  whatever  occurs  in  it 
while  the  current  is  flowing  through  the  first  wire,  but  at  the  instant 
of  making  or  breaking  the  current  in  the  first  or  primary  wire^  a 
momentary  electrical  current  occurs  in  the  secondary  wire,  which  is 
called  an  induced  current  \  and  if  the  secondary  wire  is  not  a  complete 
circle,  but  its  two  ends  are  connected  by  a  nerve,  this  induction  shock 
traverses  the  nerve  and  stimulates  it ;  this  causes  a  nervous  impuke 
to  travel  to  the  muscle,  which  in  consequence  contracts. 

If  the  first  and  second  wires  are  coiled  many  times,  the  effect  is 
increased,  because  each  turn  of  the  primary  coil  acts  inductively  on 
each  turn  of  the  secondary  coil. 

The  direction  of  the  current  induced  in  the  secondary  coil  is 
the  same  as  that  of  the  current  in  the  primary  coil  at  the  break ;  in 
the  opposite  direction  at  the  make.  The  nearer  the  secondary  coil 
is  to  the  primary,  the  stronger  are  the  currentB  induced  in  the 
former. 
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Fig.  137  mpreaeQta  the  Du  Bois  BeTmond  colli  the  odg  geQerallj 
©mployed  in  physiological  experiments,  c  is  the  primary  coil^  and  d 
and  rf'  its  two  ends,  which  are  attached  to  the  battery,  a  key  being 
interposed  for  making  and  breaking;  g  is  the  secondary  coil,  the  two 
terminals  of  which  are  at  its  far  end ;  to  these  the  electrodes  to  the 
nerve  are  attached ;  the  distance  between  the  two  coOs,  and  bo  the 
strength  of  the  induction  curreats,  can  be  varied  at  wilL  It  is  only 
when  the  primary  current  is  made  or  broken,  or  its  intensity  increased 
or  diminished,  that  induction  shocka  occur  in  the  secondary  circuit 
which  stimulate  the  nerve.  When  one  wishes  to  produce  a  rapid 
suceeasion  of  make  and  break  shocks  the  automatic  interrupter  or 


Wagner's  hammer  seen  at  the  right-hand  end  of  the  diagram  is 
inc hided  in  the  circuit 

The  next  thing  to  be  noticed  is  that  the  break  eflFects  are  stronger 
than  the  make  effects ;  this  is  easily  felt  by  placing  the  electrodes 
on  the  tongue.  This  is  due  to  what  ia  called  Faraday's  extra 
current.  This  is  a  current  produced  in  the  primary  coil  by  the 
inductive  influence  of  contiguous  turns  of  that  wire  on  each  other ; 
its  direction  is  against  that  of  the  battery  current  at  make,  and  so 
the  make  shock  is  lessened .  At  the  break  the  extra  current  is  of 
such  short  duration  (because  when  the  circuit  is  broken  there  can  be 
no  current  at  all)  that  for  all  practical  purposes  it  may  be  considered 
as  non-existent. 

The  same  difference  of  strength  occurs  alternately  in  the  repeated 
shocks  produced  by  Wagner's  hammer,  Helmholtz,  to  obviate  this, 
introduced  a  modification  now  known  after  him.  It  consists  in 
bridging  the  current  by  a  side  wire,  ao  that  the  current  never 
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entirely  ceases  in  the  primary  coil,  but  is  alternately  strengthened 
and  weakened  by  the  rise  and  fall  of  the  hammer ;  the  strengthening 
corresponds  to  the  ordinary  make,  and  is  weakened  by  the  make 
extra  current,  which  occurs  in  the  opposite  direction  to  the  battery 
current ;  the  break  is  also  incomplete,  and  so  it  is  weakened  by  the 
break   extra    current,  which  g 

being  in  the  same  direction  ^_^ 

as  the   battery  current  im- 
pedes its  disappearance. 

The  two  next  diagrams 
show  tho  way  the  interrupter 
acts.  We  are  supposed  to  be 
looking  at  the  end  of  the 
primary  coil;  the  battery 
wires  are  attached  to  the 
binding  screws  A  and  E  (fig. 
138).  The  current  now  passes 
to  the  primary  coil  by  the 
pillar  on  the  left  and  the  spring  or  handle  of  the  hammer  as  far  as 
the  screw  (C) ;  after  going  round  the  primary  coil,  one  turn  only  of 
which  is  seen,  it  twists  round  a  pillar  of  soft  iron  on  the  right-hand 
side,  and  then  to  the  screw  E  and  back  to  the  battery ;  the  result 
of  a  current  going  around  a  bar  of  soft  iron  is  to  make  it  a  magnet, 
so  it  attracts  the  hammer,  and  draws  the  spring  away  from  the  top 
screw  C|  and  thus  breaks  the  current ;  the  current  ceases,  the  soft 

iron  is  no  longer  a  magnet,  so 
it  releases  the  hammer,  and 
contact  is  restored  by  the 
springs  then  the  same  thing 
starts  over  again,  and  so  a 
suceeesion  of  break  and 
make  shocks  occurs  alter- 
nately and  automatically. 

In   Helmholtz's  modifica- 
tion   (fig.    139)   the    battery 

]    wires  are  connected  as  before. 

Mw§     ^^<4.juuljlj^  The  interrupter  is  bridged  by 

Fio.  180.  a  wire   from   B   to   C  (also 

shown  in  fig.  137,  e).    C  is 

raised  out  of  reach,  and  the  lower  screw  F  is  brought  within  reach 

jaf  the  spring.     Owing  to  the  wire  BC,  the  vibration  of  the  hanuner 

aever  entirely  breaks  the  current. 

Instead  of  Wagner's  hammer  a  long  vibrating  reed  constructed 
on  the  same  principle  is  ofteu  used.  This  has  the  advantage  that 
the  rate  of  vibration  can  be  varied  at  will  by  means  of  a  sliding 
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clamp  which  fixes  the  reed,  ao  that  different  lengths  of  it  can  be 
made  to  vibrate.     If  a  long  piece  of  reed  vibrates,  it  does  so  slowly, 
and  thus  successive  induction  shocks  at  long  intervals  can  be  sent 
into  the  nerve.     But  if  one  wishes  to  stimulate  a  nerve  more  rapidly,  1 
the  length  of  reed  allowed  to  vibrate  can  be  shortened. 

In  Ewald's  modification  of  the  coil  there  is  another  simple  method 
of  modifying  the  rate  of  the  interrupter.  But  an  hour  spent  in  the 
laboratory  with  an  induction   coil  and  cell  will  teach  the  student 


Fm,  HO. — Myogmpb  of  von  n^lmlioltZj  aliovrn  In  aa  lDcompl«t«  form, 
femqr;  h,  js^ttocn^mlun  \  c^  i^ktla  aerve;  d,  Bealg  pun 
coiuitfsrpolie,    ' 


forcet>i  Ibr  boIdLng  fic^'m 
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much  more  easily  all  these  facts  than  any  amount  of  reading  and 
description, 

Wa  can  pass  now  to  the  myograph.     There  are  many  different 
forms  of  this  instrument.     Fig.  140  sliows  Helmholt/s  inafcrunient. 

The  bony  origin  of  the  gastrocnemius  is  held  firmly  by  forceps, 
and  the  tendo  Achillis  tied  to  a  weighted  lever;  the  end  of  the  lever 
is  provided  with  a  writing-point  such  as  a  piece  of  pointed  parch-  ' 
raent;   when  the  musole  contracts  it  pulls  the  lever  up,  and  this 
movement  is  magnified  at  the  end  of  the  lever.     The  writing-point 
scratches  on  a  piece  of  glazed  paper  covered  with  a  layer  of  soot;  thsi 
paper  is  wrapijed  round  a  cylinder.    When   the  lever  goes  up  thai 
writing^point  will  mark  an  up-stroke;  when  it  falls  it  will  mark  a  I 
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down-Stroke,  and  if  the  cylinder  is  travelling,  the  down-stroke  will 
l*e  written  on  a  different  part  of  the  paper  than  the  np-stroke;  thu8 
a  muscle  curve  or  myogram  is  obtained.  The  paper  may  then  ho 
removed,  varnished,  and  preserved. 

Fig.  141  shows  a  somewhat  different  arrangement. 
The  muscle  is  fixed  horizontally  on  a  piece  of  cork  Bj  one  end 
being  fixed  by  a  pin  thrust  through  the  knee-joint  into  the  cork ;  the 


_/! 


Flo.  141,— Armugi'iDetil  of  the  ftppATfttuM  itoeeAaKry  foj*  i«ootilii)g  tDOAcld  confcraetloiit  wltb  ^  revolving 
cylinder  cairylng  smok«d:  pftper.  A^  rtiTDlTmg  ajUader;  11,  tlie  mttnda  Airuhged  upon  ji  cork> 
eoirannj  botrd  w&icb  In  oifiAblv  of  being  nilafld  or  lowervd  on  the  uprisht,  which  iLho  cm  be  mavftit 
ftlcmg  ft  wild  tii«i)giiliu  bvoPniDtal  Attoeb^d  to  tho  b«4(»  of  tbe  rocoi^ing  uppantuB— Lhe  tundoQ  of 
thtf  gwtTDcnezDliu  ia  Atluilied  to  tlie  wrltiug  lever,  pniperlr  w«lglitw,i  i^  a  llgv^lnifi.  Til* 
ilflctnKlfii  fhun  tJie  eecondftxy  doU  niuu  to  Ihe  uen'o — balDi;,  for  tbe  Aako  of  L-oiivi!nti*noB«  Out  ot  ill 
brotigbt  to  a  tbori-cireuitiiig  key,  D  (Dti  Bots  ReyirhODdK)  -  €,  the  induction  coll ;  F»  tli«  bfetteix 
0ti  ibU  flg.  «  bicbiomAte  one} ;  B,  tbe  Uey  (IIoii^'b)  in  ihss  ptimajj  dnmit. 

tando  Achillis  is  tied  to  a  lever  which  is  weighted  near  its  fulcrum; 
the  lever  is  so  arranged  that  it  rests  on  a  screw  till  the  muscle  begins 
to  contract;  the  muscle  therefore  does  not  feel  the  weight  till  it 
begins  to  contract,  and  gives  a  better  contraction  than  if  it  had  been 
previously  atrained  by  the  weight.     This  arrangement  is  called  a/Ur- 

The  writing  surface  is  again  a  travelling  cyUnder  tightly  covered 
with  smoked  glazed  paper.    The  rest  of  the  apparatus  sJiows  how 

H 


114         CHANGE    IK   FORM    !K   A    MUSCLE   WHEN    IT  CONTRACTS      [CH,  xj 

call^  coil,  keys,  and  electrodos  are  applied  with  the  objeot  of  stimulate 

ing  the  nerve. 

The  key  E  makes  and  breaks  the  primary  circuit*  but  the  effect  is ' 
only  felt  by  the  muscle-nerve  preparation  when  the  Bhort-circuiting 
key  D  in  the  secondary  circuit  is  opened. 

Instead  of  the  key  E  it  is  better  to  have  what  is  called  a  "  kick^ 
over*'  key  which  the  cylinder  by  means  of  a  bar  projecting  from  it 
knocks  over  and  so  breaks  the  primary  circuit  during  the  course  of  a 
revolution.     The  exact  position  of  the  writing-point  at  the  moment  j 
of  break,  that  is  the  moment  of  excitation,  can  then  be  marked  c 
the  blackened  paper. 

Besides  the  travelling  cylinder  there  are  other  forms  of  writing 
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surface.  Thus  fig*  142  represents  the  spring  myograph  of  Du  Bois 
Eeymond.  Here  a  blackened  glass  plate  is  shot  along  by  the  recoil 
of  a  spring;  as  it  travels  it  kicks  over  a  key,  and  the  result  of  this^ 
the  muscular  contraction^  is  written  on  the  plate. 

The  pendulum  myograph  (fig.  143)  is  another  form.  The  pen- 
dulum carries  a  smoked  glass  plate  upon  which  the  writing-point  of 
the  muscle  lever  is  made  to  mark.  The  break  shock  is  sent  into  the 
muscle-nerve  preparation  by  the  pendulum  in  its  swing  opening  a 
key  in  the  primary  circuit.  This  ia  shown  in  an  enlarged  scale  in  BC 
(fig.  143). 

To  keep  the  preparation  fresh  during  an  experiment^  it  should  be 
covered  with  a  glass  shade,  the  air  of  which  ia  kept  moist  by  means 
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time-marker  ia  a  tuning-fork  vibrating  100  times  a  second.  This  is 
struck,  and  by  means  of  a  writing-point  fixed  on  to  one  of  the  prongs 
of  the  fork,  these  Tibrations  may  be  written  beneath  the  myogram. 
More  elaborate  forms  of  olectncal  time-markers  or  chronographa  are 
frequently  employed. 

The  Simple  Muscle  Ghinre. 

We  can  now  pass  on  to  results,  and  study  first  the  result  of  a^ 
single  instantaneous  stimulus  upon  a  muscle.     This  causes  a  single 
or  simph  musmdar  contrcLction,  or  as  it  is  often  called  a  twiieh.     The 
graphic  record  of  such  a  contraction  is  called  the  dmpU  muscle  curve. 
One  of  these  ia  shown  in  the  accompanying  figure  (fig,  145), 

The  upper  line  (m)  is  traced  by  the  end  of  the  lever  in  eonnection 


Fio«  li6> — Stmple  irmicle  curvs^    (H«  Fopter.) 

with  a  muscle  after  stimulation  of  the  muscle  by  a  single  iuduction^l 
shock :  the  middle-line  (f)  is  that  described  by  a  lever,  which  indicates 
by  a  sudden  drop  the  exact  instant  at  which  the  induction -shock  is 
given.  The  lower  wavy  line  (&}  is  traced  by  a  timing-fork  vibrating 
200  times  a  second,  and  serves  to  measure  precisely  the  time  occupied 
in  each  part  of  the  contraction. 

It  will  be  observed  that  after  the  stimulus  has  been  applied  aa  ] 
indicated  hy  the  vertical  line  s,  there  is  an  interval  before  the  con- 
traction commences,  as  indicated  by  the  line  c.  This  interval,  termed 
the  latent  period,  when  measured  by  the  number  of  vibrations  of  the 
tuning-fork  between  the  lines  $  and  c,  is  found  to  be  about  T^ufi^- 
During  the  latent  period  there  is  do  apparent  change  in  the 
muscle. 

The  second  part  is  the  Blase  of  contraction  proper.  The  lever 
is  raised  by  the  shortening  of  the  muscle.  The  contraction  is  at  firat 
very  rapid,  but  then  progresses  more  slowly  to  its  maximum,  indicated  a 
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by  the  line  mx,  drawn  through  its  highest  point.     It  occupies  in  the 
figtire  3rk«ee. 

The  next  stage  is  the  stage  of  eloneratloiL  After  reaching  its 
highest  point,  the  lever  begins  to  descend,  in  consequence  of  the 
telongation  of  the  muscla  At  first  the  fall  is  rapid,  but  then  be- 
f eomes  more  gradual  imtil  the  lever  reaches  the  abscissa  or  base  line, 
and  the  musele  attains  its  pre-con traction  length,  indicated  in  the 
figure  by  the  line  e\  The  stage  occupies  j'^sec.  Very  often  after 
the  main  contraction  the  lever  rises  once  or  twice  to  a  slight  extent, 
producing  small  curves  (as  in  fig.  147).  These  contractions  are  simply 
due  to  the  elasticity  of  the  muscle  and  recording  apparatus,  and  are 
most  marked  when  the  contraction  is  rapid  and  vigorous. 

The  whole  contraction  occupies  about  ^V  ^f  ^  second.  With 
regard  to  the  latent  period,  it  should  be  pointed  out  that  if  the  muscle 
Jb  stimulated  indirectly,  t>„  through  its  nerve,  some  of  the  apparent 
lost  time  is  occupied  in  the  propagation  of  the  nervous  impulse  along 
the  nerve.  To  obtain  the  true  latent  jteriod,  this  must  be  deducted. 
Then  there  is  latency  in  the  apparatus  (friction  of  the  lever,  etc.)  to 
be  taken  into  accoimt.  This  can  be  got  rid  of  by  photographing  the 
contraoting  nmscle,  on  a  sensitive  photographic  plate  travelling  at 
an  accurately-timed  rate.  By  such  means  it  is  found  that  the  true 
latent  period  is  much  shorter  than  was  formerly  supposed.  It  is 
only  ^-J-jj  of  a  second.     In  red  muscles  it  is  longer. 

We  now  come  to  the  action  of  various  factor  in  modifying  the  tJiamrter  of  the 
simple  muscle  curve. 

1.  Jnjtti^n^rc  (if  stren^ih  of  tiimultis. — A  minimal  stimulus  is  that  which  is  just 
stjong  en<>ygh  to  produce  a  contraction.  If  the  strength  of  stimulus  is  iocreafied  the 
amount  of  t'on traction  a.^  measured  by  the  height  of  the  curve  is  increased,  until  a 
certain  point  is  reiiched  [maximal  5;timulns),  tieypnd  which  increase  in  the  stimulus 
produces  no  increase  in  the  nmount  of  contraction*  The  l«tcnt  period  is  shorter 
with  a  strong  than  with  a  weak  stimulus. 

2,  Injft$fncs  of  toa4L  —  Up  to  a  Certain  point  Infrease  of  load  increases  the 
amount  of  contractjoju  beyond  w^hich  it  diminishes,  until  at  last  a  weight  is  reached 
which  the  muscle  is  uncihle  to  lift.  The  latent  period  Is  somewhat  longer  with  a 
he^yj'  load  than  with  a  light  one. 

X  tnfiuf>nc^  o/JiitUfut.^'Ihh  can  be  vciy  well  illustrated  by  letting  the  muscle 
write  a  curve  with  every  revolution  of  tne  cylinder,  until  ft  ceases  to  contract 
at  all.     The  next  dla^am  shows  the  early  stages  of  fati^ru^-     At  first  the  con- 


hiu,   t4ij,— FuLigUe, 


tfactious  improve,  each  being  a  little  higher  than  the  preceding ;  this  is  known  as 
the  heriffieim  rfftci  of  t^ontra^thn^  and  the  ijraphic  record  is  called  a  MliMtretui^,  Then 
the  contimctioiis  get  less  and  less.     But  what  is  most  noticeable  is  tliat  the  contrac- 


118  CHANGE   IN   FORM   IN   A    MUSCLE  WHEN    FT  CONTKACTS      [CH.  M 

tioD  i^  much  more  prolonged;  the  Ut«-nt  period  gets  longer;  the  period  gf 
c*intrEu,'ticni  gets  longer  ;  and  the  period  of  relaxation  gets  very  much  longer ;  there 
IB  a  condition  known  as  contraHure^  so  that  the  original  base  tine  is  not  reached  by 
the  time  the  next  stimulus  arrives,  In  the  kst  stjiges  of  fatigue,  contracture 
pitsses  oif  . 

4*   Eff^H  of  Um^Pfiratttrf. — Cold  at  first  tiirrL'iLses  the  heig-ht  of  contraction^  then 


Ki«J.  147.— KO«ct  of  ftjBithiitmture  oti  1  aiiiglo  iinjacukv  cuntiiit:Uoo  <  Af,  nfjnnal ;  H^  v*mi ;  CI,  oooUng* 
ea,  Tcry  cold ;  P,  point  of  stimiilirtion.  The  above  tracing  la  m  conaJdembly  roiluooil  (bcHimUe  of  i 
tmdjxe  t»k«ii  with  the  p«ndcilain  mygigrt^pli. 

diminishes  it ;  otherwise  the  effect   is  very  like  that  of  futigue  increasing  the ' 
duration  of  all  stages  of  the  curve. 

Moderate  warmth  increases  the  hriirht  and  diTuinLshes  the  duration  of  all  stages 
of  the  curve,  latent  period  included.  This  may  be  readily  shown  by  dropping  some 
warm  salt  sokition*  on  to  the  niUHcle  before  taking  its  curve.  Too  great  heat 
(above  42'  C.)  inf!uces  henf  rv/or  due  to  the  coagulation  of  the  muscle  proteids. 

5.  Efftet  (y  t^rtttrintf.^if  tins  is  injected  into  tlie  frog  before  the  niuscle* nerve 
preparation   is   made,   the    very   remarkable   result   seen   in  the   next  diagram  itj 


Via,  lia^^Vtfratnne  curve,  taktm  on  yt   v^ry    ivJowiy-uarelling  cyiintler;  the   time   tratiotr  iiHlJoatoil 

Ktconds. 

produced  on  stimulation  ;  there  is  an  enormous  prolong^ation  of  tiie  period  of  relaxa^ 
Hon  I  marked  by  a  secondary  rise,  und  sometimes  by  tremors.  After  repeated 
stimulation  this  eflfeet  passes  off,  but  returns  after  a  period  of  rest*  ^^^ 

The  Muscle- Wave. 

The  first  pari  of  a  maacle  which  contracts  is  the  part  where  th€ 
nerve -fibres  enter ;  but  nerve  impulses  are  so  rapidly  carried  to  all^ 
the  fibres  that  for   practienl    iJuri>oses  they  all  contract   together. 
But  in  a  nerveless  nmscle^  that  is  one  rendered  physiologically  nerve 

•  Phyjiio^ogical  saline  jsolution  used  for  bathing  living  tissiUc  is  a  5*7  to  0*fl 
cent  solution  of  s^odium  chloride  in  ordinary  hi.]*  water. 
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less  by  curare,  if  one  end  of  the  muscle  is  stimulated,  the  eonti^action 
travels  as  a  wave  of  thickening  to  the  other  end  of  the  muscle,  and 
the  rate  of  propagation  of  t£is  wave  can  be  recorded  graphically. 
The  next  figure  (fig.  149)  represents  one  of  the  numerous  methods 
that  have  b©en  devised  for  this  purpose.  A  muscle  with  long  parallel 
fibres,  like  the  sartorius,  ia  taken;  it  is  representotl  diagramraatically 
in  the  figure.  It  is  stimulated  at  the  end,  where  the  two  wires, 
-h  and  — ,  are  placed  ;  it  is  grasped  in  two  places  by  pincers,  which 
are  opened  by  the  wave  of  thickening ;  the  opening  of  the  first  pair 
of  pincers  (1)  presses  on  a  drum  or  tambour  connected  to  a  second 
tambour  with  a  recording  lever  (1'),  and  this  lever  goes  up  first ;  the 


^. 


f--^«i  ■-- 


'=B^ 


FiKt,  H9.—Arf%tig<mwiyt  (ur  tracing  (b«  QiUBdlo-wive.    (McKeiadrickH,) 

lever  (2')  of  the  tambour  connected  with  the  second  pair  of  pincers 
(2)  goes  up  later  If  the  length  of  muscle  between  the  pairs  of 
pincers  is  measured,  and  by  a  time- tracing  the  delay  in  the  raising 
of  the  second  lever  is  ascertained,  we  have  the  arithinetical  data  for 
calculating  the  rate  of  propagation  of  the  muscle- wave.  It  is  about 
3  metres  per  second  in  frog's  muscle,  but  is  hastened  by  warmth  and 
delayed  by  cold  and  fatigue. 

The  BifiTect  of  Ttw'o  successive  Stimuli, 

If  a  second  stimulus  follows  the  first  stimulus,  so  that  the  muscle 
receives  the  second  stimulus  before  it  has  finished  contracting  under 
the  influence  of  the  first,  a  second  cur\'e!  will  be  added  to  the  first, 
as  shown  in  the  accompanying  diagram  (fig.  150),     The  third  little 
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curve  is  only  due  to  elastic  after-vibration.    This  is  called  ^uper- 
posiiion,  or  mmmuHon  of  effects. 

If  the  two  stimuli  are  in  such  close  succession  that  the  second 
occurs  during  the  latent  period  of  the  first,  the  result  will  differ 
according  as  the  stimuli  are  maximal  or  submaximal.  If  they  ate 
maxima!,  the  second  stimulus  is  without  effect ;  but  if  submaximal. 


Ktt»i  IfiO,— Trftelaji  of  4  t\imh\ti  imiacle-curve.  To  be  ira^l  fruni  left  U>  rlKliI-,  Whih  the  tutucle  itm* 
mt$fmd  \n  tbc  flnt  ooQint^tloti  CwIidh  eompleie  coarse,  bid  notbtni;  Intone ned,  li  iikd]G*t«d  by 
tlM  oottad  ]lM>,  ft  Msooaid  UAacma-whOB\  wu  tbrown  la,  ftt  cnelt  «  timt;  th*t  tlie  moood  oon- 
U»ellofi  1i*gfta  Jttkl  M  ibv  flrvt  w^s  b^miliijE  to  daeUtie.    Tbeaflcood  ciint^  U  Mxn  to  «tArt  thmi 


ttid  ]lM>,  ft  iecond  luducuQa^vboclt  wu  tbrown  tn,  it  cae^  *  timt;  th*t  tlie  veooiDd 
n  livgAQ  Jttkl  M  ibv  flrvt  wftft  bwlmiliiic  to  d«eUtie.  Tbeaflcood  curvet  U  Aeen  to  «tArt 
i,  M  (i<M«  tb#  ntvt  f^ta  th«  bsM  Un«.    C^-  1^Mt«r,} 


thd  two  utimuli  are  added  together,  and  though  producing  a  simple 
nMiMLilrj'Curve,  liroduce  one  which  is  bigger  than  either  would  have 
prwhiuml  soparatoly.     This  is  called  mmTnation  of  stimiUL 

UfTect  of  More  than  Two  Stimuli. 

JUft  as  a  Hoccjud  stimnlus  adds  its  curve  to  that  written  as  tl 
ronult  of  tho  first,  eo  a  tliird  stimulus  superposes  its  effect  on  the 


rn,  v> 


'iffifii' 


1  ANir'fi  fh'»Ti  I  hi*  gwLPXttemlui  of  m  froR,  wTi^rs  tho  tbock*  « 

!ini  ft  faoooMl,  by  tbe  Interrupt  [on  of  Uk*  ' 

<liep0a  likto  •  cup  of  menrary,  iiwi  te^ka  J 

^  '  iiirlglittoleft)  1 


KnhiimI  ;  M  foMiyi  un  Mia  ftilnl, lUiVl  flo  on.    Each  successive  increment 
1%  htmmnVt  NJrMilliu'  llini^  lliif  iirocoding,  and  at  last  the  muscle 
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remains  at  a  maximuni  contractioii,  till  it  begins  to  rekx  from 
fatigue. 

A  Buccession  of  stimuli  may  be  sent  into  the  nerve  of  a  nerve- 
muscle  preparation  by  means  of  the  Wagner's  hammer  of  a  coil,  or 
the  vibrating  reed  previously  mentioned  (p.  111).  This  method  of 
stimulation  is  ca.li^ /armiisatioTi.  Figs.  151  and  152  show  the  kind 
of  tracings  one  obtains.  Tlie  number  of  contractions  corresponds  to 
the  number  of  stimulations ;  the  condition  of  prolonged  contraction 
so  produced,  the  muscle  never  relaxing  completely  between  the 
individual  contractions  of  which  it  is  made  up,  is  called  Utanvs: 
incompleie  tetamia,  or  cloniis,  when  the  individual  contractions  are 
discernible  (fig,  151) ;  comphU  tdanus,  as  in  fig.  152,  when  the  con- 
tractions are  so  rapid  as  to  be  completely  fused  to  form  a  continuous 
line  without  waves. 

The  rate  of  faradisation  necessary  to  cause  complete  tetanus  varies 
a  good  deal;  for  frog's  muscle  it  averac^es  15  to  20  per  second;  for 


Fto,  152.— Curvfl  of  cotnplcito  l«Uiiii»,  from  *  sferlcs  of  veiy  rapid  shockfl  Frum  mmvgiitsUc  iuterrupior. 
(Trwltig  to  be  i*ad  right  to  left*) 

the  pale  muscles  of  the  rabbit,  20  per  second ;  for  the  more  slowly 
contracting  red  muscles  of  the  same  animal,  10  per  second ;  and  for 
tlie  extremely  alowly  contracting  muscles  of  the  tortoise  2  per  second 
is  enough.  With  fatiguOi  the  rate  necessary  to  produce  complete 
tetanus  is  diminished. 


Voluntary  Tetanus^ 

We  have  seen  that  voluntary  muscles  under  the  influence  of 
artificial  stimuli  may  be  made  to  contract  in  two  ways:  a  single 
excitation  causes  a  single  contraction ;  a  rapid  series  of  excitations 
causes  a  series  of  contractions  which  fuse  to  form  tetanus. 

We  now  come  to  the  important  question ,  in  which  of  these  two 
ways  does  voluntary  muscle  ordinarily  contract  in  the  body?  The 
answer  to  this  ia,  that  vokmt^ry  contraction  resembles,  though  it  is 
not  absolutely  identical  witli,  tetanus  artificially  produced.  It  is 
certainly  never  a  twitch.  The  nerve-cells  from  which  the  motor 
fibres  originate  do  not  possess  the  power  of  sending  isolated  impulses 
to  the  muscles;  they  send  a  series  of  impulses  which  result  in  a 
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muscular  tetanus,*  or  voluntary  tetanits,  as  it  may  conveniently  be 
termed. 

If  a  stethoscope  is  placed  over  any  cob trac ting  muscle  of  the 
human  body,  auch  aa  the  biceps,  a  low  sound  is  heard.  The  tone  of 
this  sound,  which  was  investigated  by  WoUaston,  and  later  by 
HelmhoUz,  corresponds  to  thirty-six  vibrations  per  second ;  this  was 
r^arded  as  the  first  overtone  of  a  note  of  eighteen  vibrations  per 
second,  and  for  a  long  time  18  per  second  was  believed  to  be  the 
rate  of  voluntary  tetanus. 

The  so-called  "  muscle  sound "  is,  however,  no  indication  of  the 
rate  of  mu/xular  vibration.  Any  irregular  soimd  of  low  intensity 
will  produce  the  same  note;  it  is,  in  fact,  the  natural  resonance- ton© 
of  the  membrana  tynjpani  of  the  ear,  and,  therefore,  selected  by  the 
organ  of  hearing  when  we  listen  to  any  irregular  mixture  of  faint, 
low-pitched  tones  and  noises, 

A  much  more  certain  indication  of  the  rate  of  voluntary  tetanus 
is  obtained  by  the  graphic  method.  The  myographs  hitherto  de- 
scribed are  obviously  inapplicable  to  the  investigation  of  such  a 
problem  in  man,  Thts  instrument  employed  is  termed  a  transmis- 
sion myograph.  The  next  figure  shows  the  recording  part  of  the 
apparatus. 

It  is  called  a  Marey's  Tambour,     It  consists  of  a  drum,  on  the 

B^nriw  to  mguUtA  fllDvmtLoii  Driavvr. 


Wribliig  luvf*r. 


TMutnm, 


tambour* 


fm,  Jft«.  -Hftrn^  *  'WiiiUmr,  V;  which  thw  ififjvi^mctit  of  tlie  column  of  *ir  in  the  first  Umbotlr  |« 
WiUtUu%tm\  isfy  «  lol^.  itmI  ttum  'vkhkh  It  b  oomrnunk^t^  by  tlift  lever  tu  m  rorolvliiij  cylinder,  «i 
tli«t  Urn  it^iUiU  ^^r  tU  iiiMvnijuuil  Im  ubUlutHL 

tnetnbrane  of  which  im  a  metallic  disc  fastened  near  one  end  of  a 
lever,  tlio  fur  oxtroniity  r*f  wliich  carries  a  writing  point  The  interior 
of  the  drum  in  conntititcd  by  an  india-rubber  tube  (seen  at  the  right- 
liand  end  of  the  drawinf;^)  to  a  second  tambour  called  the  receiving 
tamliour^  in  which  the  writing  lever  is  absent.  Now  if  the  receiving 
tarubtjur  im  hold  in  tho  liantl  and  the  thumb  presses  on  the  metallic 

*  TtM9  use  of  tliL'  ward  ivinmoi  in  [thysioiogy  mu^t  not  be  confounded  with 
the  dtiK'ilJie  known  by  thu  mine  luimc,  !ii  which  tlie  mast  marked  symptom  is  an 
[nU*nHv  fOiuUllon  of  muKC'ukr  tt^ttirmii  ur  i  nimp, 
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disc  on  the  surface  of  its  membrane,  the  air  within  it  is  set  into 
vibrations  of  the  same  rate  as  those  occurring  in  the  thumb  muscles; 
and  these  are  propagated  to  the  recording  tambour  and  are  written 
in  a  magnified  form  by  the  end  of  the  lever  on  a  recording  travelling 
surfaoa 

The  tracing  obtained  is  very  like  that  in  fig,  151;  it  is  an  incom- 
plete tetanus,  which  by  a  time  marker  can  be  seen  to  be  made  up  of 
10  to  12  vibrations  a  second. 

In  some  diseases  these  tremors  are  much  increased,  aa  in  the 
clonic  convulsions  of  epilepsy^  or  those  produced  by  strychnine 
poisoning,  but  tbe  rate  is  the  same. 

Siioilar  tracings  can  be  obtained  in  animals  by  strapping  the 
receiving  tambour  on  the  surface  of  a  musclei  and  causing  it  to 
contract  by  stimulating  the  brain  or  spinal  cord.  The  rate  of  stimu- 
lation makes  no  difference ;  however  slow  or  fast  the  stimuli  occur, 
the  nerve-cells  of  the  central  nervous  system  give  out  impulses  at 
their  own  normal  rate. 

The  same  is  seen  in  a  reflex  action.  If  a  tracing  is  taken  from  a 
frog's  gastrocuemiuB,  the  muscle  being  left  in  connection  with  the 
rest  of  the  body,  its  tendon  only  being  severed  and  tied  to  a  lever, 
and  if  the  sciatic  nerve  of  the  other  leg  is  cut  through,  and  the  end 
attached  to  the  spinal  cord  is  stimulated,  an  impulse  passes  up  to  the 
cells  of  the  cord,  and  is  then  refleetod  down  to  the  gastrocnemius, 
under  observation.  The  impulse  has  thus  to  traverse  nerve-cells ;  the 
rate  of  stimulation  then  makes  no  difference ;  the  reflex  contraction 
occurs  at  the  same  rate,  10  or  12  per  second. 

But  now  a  difficulty  arises;  if  a  twitch  only  occupies  iV  ^^  ^ 
second,  there  would  be  time  for  ten  complete  twitches  in  a  second  ; 
they  would  not  fuse  to  form  even  an  incomplete  tetanus.  There  must 
be  some  means  by  which  each  individual  contraction  can  be  lengthened 
till  it  fuses  with  the  next  contraction ;  or,  in  other  words,  our  results 
of  electrical  stimulation  of  excised  muscles  must  not  be  applied 
without  reserve  to  the  contraction  of  the  intact  muscles  in  the  hving 
body  in  roeponse  to  the  will  Kecent  experiments  made  by  Sir  J. 
BurdoD  Sanderson  on  the  electrical  variation  that  accompanies 
voluntary  movements,  have  shown  that  this  is  the  case :  each  com- 
ponent of  the  so-called  voluntary  tetanus  is  a  somewhat  prolonged 
single  contraction;  a  condition  wliich  closely  resembles  the  tonic 
contraction  of  involuntary  muscle. 

Lever  Si/stems. — The  arrangement  of  the  muscles,  tendons,  and 
bones  presents  examples  of  the  three  systems  of  levers  whicli  will  bo 
known  to  anyone  who  has  stutlied  mechanics ;  the  student  of  anatomy 
wUl  tiave  no  difficulty  in  finding  examples  of  aU  three  systems  in 
the  body.  Wliat  is  most  striking  is  that  the  majority  of  cases  are 
lovers  of  the  Llnrd  kind,  in  which  there  is  a  loss  of  the  mechanical 
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power  of  a  lever,  tho^h  a  gain  in  the  rapiditj  and  extant  of  the 
movement. 

Moat  muscular  acts  involve  the  action  of  seveiul  mnscloB,  often 
of  many  muscles.  The  acts  of  walking  and  ninning  are  examples  of 
very  complicated  muscular  actions  in  which  It  is  necessary  not  only 
that  many  muscles  should  take  part,  hut  also  must  do  so  in  their 
proper  order  and  in  due  relation  to  the  action  of  auxiliary  and 
antagoniatic  muscles.  This  harmony  in  a  complicated  muscular 
action  is  called  ctHmHrmiion. 

By  the  device  of  taking  instantaneous  photcgraphs  at  rapidly 
repeated  intervals  during  a  muscular  act,  the  details  of  different 
modee  of  locomotion  in  man  and  other  animals  have  been  very 
thoroughly  worked  out.  With  this  branch  of  research  the  name 
of  Frot  Marey  is  intimately  asscx^iated. 


TAPTEE  XI 

KXTBNBrBILlTY,  ILASTICITT,  AND  WORK  OF  MUSCLB 

Muscle  is  both  egUmsibU  and  elastic.     It  is  stretched  by  a  weight, 

that  is,  it  poasefiSBs  exteftsibiiity ;  when  the  weight  is  taken  off,  it 

returns  to  its  original  length,  that  is,  it  possesses  dasticUy.    The  two 

jroperties  do  not  necessarily  go  together ;   thus  a  piece  of  putty  ia 

^ary  extensible,  but  it  is  not  elastic ;   a  piece  of  steel  or  a  hall  of 


Fm.  154.— (AtttiT  WaJlDf.) 

ivory  are  only  slightly  exteasible,  but  after  the  stretching  force  has 
been  removed  they  return  to  their  original  si^  and  shape  very 
perfectly. 

A  substance  is  said  to  be  strongly  doMw,  when  it  offers  a  great 
resistance  to  external  forces ;  steel  and  ivory  are  strongly  elastic. 

A  substance  is  said  to  be  perfectly  elastic,  when  its  retum  to  its 
original  shape  is  absolute ;  ^ain  steel  and  ivory  may  be  quoted  as 
exan^ples* 

Muscle  is  very  extensible,  t.0.1  it  is  easily  stretched ;  it  is  feebly 
12^ 
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elastic,  i<„  it  opposes  no  great  resistance  to  external  force;  it  is, 
however,  perfectly  elastic;  that  ia,  it  retums  to  its  original  shape 
very  exactly  after  stretching,  Thia  is  true  in  the  ease  of  living  musele 
wit^n  the  body,  but  after  very  great  stretching  even  in  the  body, 
and  still  more  so  after  removal  from  the  body,  when  it  begins  to 
undergo  degenerative  changes  culminating  in  death,  its  elasticity  is 
less  perfect. 

The  cohesion  of  muscular  tissue  is  less  than  that  of  tendon* 
E.  Weber  stated  that  a  frog*s  muscle  one  centimetre  square  in 
transverse  section  will  support  a  weight  of  a  kilogramme  (over 
2  lbs.)  without  rupture,  but  this  diminishes  as  the  muscle  gradually 
dies. 

The  extensibility  of  any  material  may  be  studied  and  recorded  by 
measuring  the  increase  of  length  which  occurs  when  that  material  is 
loaded  with  different  weights.  In  Helmholtz's  myograph  (fig.  140), 
different  weights  may  be  placed  in  the  scale-pan  beneath  the  muBcIe, 
and  the  increase  of  length  recorded  on  a  stationary  blackened  cylinder 
by  the  downward  movement  of  the  writing  point ;  the  cyhnder  may 
then  be  moved  on  a  short  distance,  more  weight  added,  and  the 
additional  increase  of  length  similarly  recorded,  and  so  on  for  a 
succession  of  weights. 

If  this  experiment  is  done  with  some  non-living  substance,  like 
a  steel  spring  or  a  piece  of  india-rubber,  instead  of  a  living  muscle, 
it  is  found  that  the  amount  of  stretching  is  proportional  to  the  weight ; 
a  weight  ==  2  produces  an  extension  twice  as  great  as  that  produced 
by  a  weight  =  1 ;  in  this  way  one  obtains  a  tracing  like  that  seen  on 
the  left  hand  of  figure  154,  and  the  dotted  line  drawn  through  the 
lowest  points  of  the  extensions  is  a  straight  one. 

With  muscle,  however,  this  is  different ;  each  successive  addition 
of  the  same  weight  produces  smaller  and  smaller  increments  of  ex- 
tension, and  the  dotted  Hne  obtained  is  s  curva 

A  continuous  curve  of  extensibility  may  be  obtained  by  placing 
a  gradually  and  steadily  increasing  force  beneath  the  muscle  instead 
of  a  succession  of  weights  added  at  intervals.  The  most  convenient 
way  of  doing  this  is  to  use  a  steel  spring,  wlueh  is  gradually  and 
steadily  extended;  and  the  writing  point  connected  to  the  muscle 
inscribes  its  excursion  on  a  slowly  moving  cylinder.  If,  then,  after 
the  muscle  has  been  stretched,  the  steel  spring  is  gradually  and 
steadily  relaxed,  the  muscle  retracts  and  again  writes  a  curve  now  in 
the  reverse  direction,  until  it  regains  its  original  length.*  But  in 
muscles  removed  from  the  body,  unless  they  are  very  slightly  loaded, 
the  return  to  the  original  length  is  never  complete ;  the  muscle  is 

*  A  niBthematical  eKaininalion  of  the&e  curves  shows  tliat  thej  are  not  rect- 
angular hyperbolas  as  they  were  once  considered.  They  are  very  variable  in  form, 
and  cannot  be  identified  with  any  known  mnthcmfltk-al  curve. 
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permanently  longer  to  a  slight  extent,  which  varies  with  the  amount 
of  the  previous  loading. 

If  the  muscle  is  slowly  loaded  and  slowly  unload ed,  the  curvature 
of  its  tracing  is  much  more  marked  than  if  the  experiment  is  done 
rapidly* 

The  following  three  traeings  are  reproduced  from  some  ohtaiDed 
by  Dr  Brodie.  In  the  method  used,  the  records  are  not  eom plica  ted 
by  the  curve  of  a  lever,  hut  the  movement  was  simply  magnified  by 
a  beam  of  light  falling  on  a  mirror  attached  to  the  end  of  the  muscle, 
and  reflected  on  to  a  travelling  photographic  plate*  Each  tracing  is 
to  be  read  from  right  to  left ;  the  first  one  (A)  shows  the  result  of 
stretching  a  steel  spring  by  a  steadily  increasing  force ;  the  end  of 
the  spring  gets  lower  and  lower, 
and  describes  a  straight  line;  at 
the  apex  of  the  tracing  unloading 
began  and  went  on  steadily  till 
the  spring  once  more  regained  its 
initial  length.  Tho  upstroke,  like 
the  downstroke,  is  a  straight  Hne, 
In  B  and  C  muscles  were  used; 
it  win  be  noticed  that  the  muscle 
does  not  regain  its  original  length 
after  unloading  is  completed,  and 
the  upward  tendency  of  the  tracing 
beyond  this  point  represents  after* 
retraction.  In  B,  the  extension 
was  applied  rapidly,  the  tracing 
is  almost  a  straight  line;  in  C, 
the  extension  was  brought  about 
more  slowly,  and  the  tracing  is  a 
curve ;  in  both  casea  the  tracing 
of  the  period  of  unloading  shows 
more  curvature. 

This  introduces  us  to  what  is 
called  after-e^cnsion  and  c^ter- 
reiradion.  That  is  to  say,  after  a  muscle  is  weighted  there  is  an 
immediate  elongation,  followed  by  a  gradual  elongation  which 
continues  for  some  time ;  or  if  a  muscle  has  been  weighted  and  ia 
then  unloaded  there  is  an  immediate  slackeningi  followed  by  a 
gradual  after-retraction. 

This  may  be  shown  by  looking  at  the  graphic  records  shown  in 
the  next  diagram.  It  will  be  noticed  that  the  extension  is  greatest 
when  the  muscle  is  in  a  contracted  condition,  and  smallest  when  it  is 
dead  (in  rigor).  In  fatigue  the  after-extension  is  very  marked,  and 
the  return  after  unloading  very  imperfect 
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We  may  now  give  the  results  of  mx  actual  experiment ;  a  muscla 
was  loaded  with  suecessive  weights  of  50,  100,  150,  etc,,  gratnmea, 
and  its  length  carefully  measured  in  centimetres. 
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Kffure  156  shows  that  the  contracted  muscle  is  more  extensible 
than  tlie  uncontraeted  muscle.     This  may  be  still  further  illustrated 

by  an  example  given  on  the  opposite 
page  in  the  form  of  a  diagram. 

The  thick  lines  represent  the  con* 
tracted  muscle,  the  thin  ones  the  un- 
contraeted. It  is  represented  aa  l>eing 
stretched  by  different  weights  indicated 
along  the  top  line;  and  the  lengths 
under  the  influence  of  these  weights 
are  separated  by  equal  distances. 
Thus  A  C  represents  the  length  of  the 
imcontracted  muscle,  A  B  of  the  con- 
tracted muscle  when  unloaded.  A'  C 
and  A'  B'  the  same  under  the  influence 
of  a  weight  of  60  grammes,  and  ao  on. 

The  curve  connecting  the  ends  of 
the  lengths  of  the  contracted  muscle 
falls  faster  than  that  obtained  from 
the  uncontraeted  one,  until  at  the 
point  P  under  the  influence  of  a  weight 
of  250  grammes,  the  two  curves  meet ; 
that  is  to  say,  250  grammes  is  the 
weight  which  the  muscle  was  just  un- 
able to  lift.  Suppose  a  muscle  has  to 
lift  the  weight  of  200  gramnies,  it 
begins  with  a  length  A"  C'\  but  when 
it  contracts  it  has  a  length  A""  B'',  that 
is,  it  has  contracted  a  distance  of  E"  C", 
which  is  very  small;  when  it  has  to 
lift  a  less  weight  it  shortens  more, 
when  a  greater  weight  it  shortens  less ;  till  when  it  shortens  least  it 
lifts  the  greatest  weight. 

This  experiment  illustrates  the  general  truth  that  when  a  muscle 
is  contracted  it  is  more  extensible.  At  the  point  P  the  energy 
tending  to  shorten  the  muscle  (its  contractile  power)  is  exactly  equal 
to  the  energy  tending  to  lengthen  it  against  its  elastic  force.  Thus 
we  have  the  apparent  paradox  at  this  point  that  a  muscle  when  ] 
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contracted  has  exactly  the  same  length  as  when  imcontracted ;  but 
this  is  a  matter  of  everyday  experien.ce ;  if  one  tries  to  lift  a  weight 
beyond  one*s  strengthj  one  fails  to  raise  it,  but  nevertheless  one's 
muscles  have  been  contracting  in  the  effort ;  they  have  not  contracted 
in  the  reetricted  sense  of  becoming  shorter,  but  that  is  not  the  only 
change  a  mtiscle  undergoes  when  it  contracts;  the  other  changes, 
electrical,  thermal,  chemical,  etc.,  have  taken  place,  as  evidenced  in 
one's  own  person  by  the  fact  that  the  individnal  has  got  warm  in  his 
efforts,  or  may  even  feel  fatigue  afterwards. 

But  the  paradox  does  not  end  here,  for  if  diagram  157  is  again 
looked  at,  it  will  be  seen  that  beyond  the  point  P  the  two  curves 
cross ;  in  other  words,  the  muscle  may  even  elongate  due  to  increase 
of  extensibility  when  it  contracts.  This  is  known  after  its  discoverer 
as   Weber's  paradoss.    The  increase  of  extensibility  of  muscle  during 
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contraction  is  protective  and  tends  to  prevent  rupture  in  efforts  to 
raise  heavy  weights. 

Influence  of  TempBrature  on  BxtmsiMlitp. — If  a  piece  of  iced 
india-rubber  is  taken  and  stretched  by  a  weight,  its  retractility  when 
the  weight  is  removed  is  very  small  If,  now,  when  the  weight  is  on 
it,  it  is  warmed  at  one  point  as  by  placing  the  hand  on  it,  its 
retractility  is  increased  and  it  contracts,  raising  the  weight.  Some 
physiologiBta  have  considered  that  muscular  contraction  can  be 
explained  in  this  way ;  they  have  supposed  that  the  heat  f onnwl  in 
musctilar  contraction  acts  like  warmth  as  applied  to  india-rubben 
This  view  is,  however,  incorrect.  It  is  much  more  probable  that 
there  is  no  causal  relationship  between  the  temperature-change  and 
the  extensibilityHi^hange  which  occur  when  muscle  contracts;  both 
are  simultaneously  produced  by  the  atimulus. 

Moreover,  the  influence  of  heat  on  muscle  is  by  no  means  the 
same  as  that  on  india-rubber.    This  influence  is  not  invariable,  and 
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at  certain  temperatures  near  the  freezing-pointy  and  under  the 
influeoce  of  certain  weights,  actual  elongation  may  occur  when  the 
temperature  is  raised 

Musctilai'  Tonus. 

In  the  living  animal,  muscles  are  more  or  less  stretehedp  but 

never  taut  between  their  two  attachments.  They  are  in  a  state  of 
icnidtp  or  ionm,  and  when  divided  they  contract  and  the  two  parts 
separate.  Thus  a  muscle,  even  at  rest,  is  in  a  favourable  condition 
to  contract  without  losing  time  or  energy  in  t4iking  in  slack. 

Muscular  tonus  is  under  the  control  of  the  nervous  system  (on 
the  reflex  character  of  this  control,  see  later,  under  Tendon  Eeflexes) ; 
the  muecloa  lengthen  when  their  nerves  are  divided,  or  when  they 
are  rendered  physiologically  nerveless  by  curare.  Besides  the  nervous 
Byatem,  the  state  of  muscular  nutrition  dependent  on  a  due  supply 
of  healthy  blood  must  also  be  reckoned  as  important  in  maintaining 
mtiscular  tonua 

Work  of  Muscle. 

The  question  of  muscular  work  is  intimately  associated  with  that 
of  elasticity.  In  a  technical  sense,  work  (W)  is  the  product  of  the 
load  (I)  aud  the  height  (h)  to  which  it  is  raised,     W  =  lxL 

Thus  in  fig*  157,  when  the  muscle  is  unloaded  the  work  done  is 
nil:  W  =  BCxO  =  0.  When  the  load  is  250,  again  the  work  done 
is  nil,  because  then  h^O.     With  the  load  50,  W  =  B'  O  x  50. 

If  the  height  is  measured  in  feet  and  the  load  in  pounds,  work  is 
expressed  in   terms  of  foot-pounda     If  the  height  is  measured   in 
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millimetres  or  metres,  and  the  load  in  grammes,  the  work  is  expressed 
in  gramme-millimetrea  or  gramme-metres  respectively. 

This  may  be  shown  diagrammatic  ally  by  marking  on  a  horizontal 
base  line  or  abscissa,  distajices  proportionate  to  different  weights, 
4nd  vertical  lines  (ordinates)  drawn  through  these  represent  the 
hdght  to  which  they  are  lifted  (see  fig.  158). 

In  the  diagram  (fig,  158)  the  figures  along  the  base  line  represent 
grammes,  and  the  figures  aloug  the  vertical  line  represent  milli- 
metrea     The  work  done  as  indicated  by  the  first  line  is  10x5  =  50 
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gramme'iiiillimetres,  the  next  20x6  =  120  gramme-millinietres,  auj 
so  on,  while  the  last  on  the  right,  100x3  =  300  gramme-miilimetres. 
It  is  thus  seen  that  the  height  of  a  inuaele-curye  is  no  measure  of  the 
work  done  by  the  nxuacle  imloaa  the  weight  lifted  is  taken  into 
account  as  well. 

The  following  figures  are  taken  from  an  actual  experiment  done 
with  the  frog's  gastrocnemius  (Weber)  :■ — 
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I  The  work  increases  with  the  weight  up  to  a  certain  maximum, 

'     after  which  a  diminution  occurs,  more  or  less  rapidly,  according  as 
the  muscle  is  fatigued. 

Sindlar  experiments  have  been  made  in  human  beings,  weights 
being  lifted  by  the  calf  muscles,  or  elbow  muscles,  leverage  being 
allowed  for.  In  the  higher 
animals  the  energy  so  ob- 
tained compared  with  the  frog 
is  about  twice  as  great  for 
the  same  volume  of  muscular 
tissue. 

Fig,  159  represents  a  com* 
mon  form  of  dynamometer  for 
clinical  use,  employed  in  test- 
ing the  muscles  of  the  arms 

and  hands.    It  is  squeezed  by  the  hand,  and  an  index  represents 
kilogrammes  of  pressure. 

The  muscle,  regarded  as  a  machine,  is  sometimes  compared  to 
artificial  machines  like  a  steam-engine.  A  steam-engine  is  supplied 
with  fuel,  the  latent  energy  of  which  is  transformed  into  work  and 
heat  The  carbon  of  the  coal  unites  with  oxygen  to  form  carbonic 
acidj  and  it  is  in  this  process  of  combustion  or  oxidation  that  heat 
and  work  are  liberated.  Similar,  though  more  complicated,  combus- 
tions occur  in  muscle.  In  a  steam-engine  a  good  deal  of  fuel  is  con- 
sumed, but  there  is  great  economy  in  the  consumption  of  the  living 
muscular  material  Take  the  work  done  by  a  grammo  (about  15 
grains)  of  muscle  in  raising  a  weight  of  4  grammes  to  the  height  of 
4  metres  (about  13  feet) ;  in  doing  this  work  probably  less  than  a 
thouBandth  part  of  the  muscle  has  been  con.'^umed, 

Kdxt  let  us  consider  the  relationship  between  the  work  and  the 
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heat  produced.  An  ordinary  locomotive  wastes  about  96  per  cent,  of 
its  available  energy  as  heat,  only  4  per  cent,  being  represented  as 
work.  In  the  best  triple-expansion  steam-engine  the  work  done  rises 
to  12-5  per  cent,  of  the  total  energy. 

In  muscle,  various  experimenters  give  different  nmnbers.  Thus, 
Fick  calculated  that  33  per  cent,  of  the  mechanical  energy  is  avail- 
able as  work ;  later  he  found  this  estimate  too  high,  and  stated  the 
number  as  25;  Chauveau  gives  12  to  15;  M'Kendrick  17,  Thus 
muscle  is  a  little  more  economical  that  the  best  steam-engines ;  but 
the  muscle  has  this  great  advantage  over  any  engine,  for  the  heat  it 
produces  is  not  wasted,  but  is  used  for  keeping  up  the  body  tempera- 
ture, the  fall  of  which  below  a  certain  point  would  lead  to  death  not 
only  of  the  muscles  but  of  the  body  generally. 

So  far  we  have  been  speaking  as  though  the  only  active  phase  of  muscular  con- 
traction is  the  period  of  shortening.  It  is,  however,  extremely  probahle  that 
len^henmg  is  also  an  active  process.  This  was  originally  mooted  by  Fick,  who 
pointed  out  that  the  fall  of  a  muscle  lever  during  the  relaxation  period  is  of  variAble 
speed,  and  is  obviously  not  due  to  the  passive  elongation  of  the  musi^e  by  gravity ; 
the  way  in  which  this  part  of  the  curve  is  varied  by  such  agencies  as  temperature, 
and  drugs  like  veratrine,  also  indicates  that  relaxation  is  an  independent  process* 

Imtonk  ami  Ijt'/nu^trk  OHimv-r,  — If,  in  re«:ordlng  the  contraction  of  a  muscle,  the 
load  is  applied  vertically  under  the  muscle,  Its  pull  upon  the  nmscle  varies  during 
the  successive  stages  ot  a  single  contraction,  owing  to  the  inertia  of  the  load*  In 
order  to  avoid  this  variation  in  tension^  it  is  usual  to  apply  the  weight  at  a  point 
close  to  the  fulcrum  of  the  ret^ordiug  lever,  so  that  when  the  lever  ib  raised,  the 
weight  remains  practically  stationary,  and  thus  the  error  due  to  its  inertia  is  avoided. 
In  order  to  apply  the  necessary  tension  to  the  muscle,  the  weight  hanging  on  the 
lever  must  be  increased  in  the  ratio  of  the  distances  of  the  muscle  and  weight  from 
the  fulcrum.  A  twitch  recorded  under  such  circumstances  is  called  imtonk,  i.**,  one 
in  which  the  tension  remains  const^iint  throughout.  If,  on  the  other  hand,  the 
muscle  Is  fixed  at  both  ends,  and  then  excited,  the  resulting  activity  expresses  itself 
in  a  phase  of  increasing  tension  followed  by  one  of  decreasing  tension.  If  the 
alterations  of  tension  are  recorded,  we  obtain  what  is  called  an  tsomMnc  curve* 
This  curve  is  obtained  by  making  the  nmscle  pull  against  a  spring  which  is  so  strong 
that  the  muscle  can  only  move  it  to  a  very  slight  extent*  This  slight  movement  is 
then  highly  magtiified.  The  curve  thus  obtained  resembles  in  its  main  features  an 
isotonic  contraction,  but  its  maximum  is  reached  earlier^  and  it  returns  to  the  ^ro 
position  sooner.  The  flat  top  of  the  isometric  curve  desciribed  by  the  earlier 
observers  was  due  to  the  imperfection  of  the  instrumeuts  employed*  The  tracings 
of  muscle  curves  given  in  previous  illustrations  (see  figs,  l4r/to  147)  were  obtained 
by  the  isotonic  method,  but  it  is  probable  that  the  isometric  curve  is  a  more  faithful 
recoKl  of  the  variations  in  the  intensity  of  the  contra<!tion  process  than  that  yielded 
by  the  isotonic  method.  The  momentum  or  swing  of  a  light  lever  such  as  is  used 
for  obtaining  isotonic  curves  will  no  doubt  account  for  the  extra  upward  movement 
it  executes.  The  whole  matter  has  been  keenly  discussed,  and  the  foregoing  view 
is  that  expressed  by  Kaiser,  S<'henk,  on  the  other  hand,  maintains  what  appears  to 
he  an  improbable  idea  that  there  are  really  two  kinds  of  change  in  muscle,  which 
account  for  the  difference  obtained  by  the  two  methods, 
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We  have  seen  that  the  chemical  processes  occurring  in  muscular  con- 
traction lead  to  a  transformation  of  energy  into  work  and  heat 
These  changes  are  accompanied  by  electrical  disturbances  al&o. 

The  history  of  animal  electricity  forms  one  of  the  most  fascinat- 
ing of  chapters  in  physiological  discovery.  It  dates  from  1786, 
when  Galvani  made  his  first  observations.  Galvani  was  Professor  of 
Anatomy  and  Physiology  at  the  University  of  Bologna^  and  hie  wife 
wa^  one  day  preparing  some  frog's  legs  for  dinner,  when  she  noticed 
that  the  apparently  dead  lega  became  convulsed  when  sparks  were 
emitted  from  a  frictional  electrical  machine  which  stood  by.  Galvani 
then  wished  to  try  the  effect  of  lightning  and  atmospheric  electricity 
on  animal  tissues.  So  he  hung  up  some  froga'  lega  to  the  iron  trellis- 
work  round  the  roof  of  his  house  by  means  of  copper  hooka,  and  aaw 
that  they  contracted  whenever  the  wind  blew  them  against  the  iron. 
He  imagined  this  to  be  due  to  electricity  secreted  by  the  animal 
tissues,  and  this  new  principle  was  called  QalvantBrn.  But  all  hi« 
contemporaries  did  not  ^ree  with  this  idea,  and  moat  promineut 
among  his  opponents  was  Volta,  Professor  of  Physics  at  another 
Italian  university,  Pa  via.  He  showed  that  the  muscular  con  traction  « 
were  not  due  to  animal  electricity,  but  to  artificial  electricity  pro- 
duced by  contact  with  different  metala 

The  controversy  was  a  keen  and  lengthy  one,  and  wi*  tenniuled  \ 
by  the  death  of  Galvani  in  1798.  Before  he  died,  however^  he  gftve 
to  the  world  the  experiment  known  as  "contraction  without  motaln/' 
which  we  shall  study  presently,  and  which  conclusively  [jriivod  the 
existence  of  animal  electricity.  Volta,  however,  iiovor  bilicvfxl  in  it. 
In  his  hand  electricity  took  a  physical  turn,  and  the  year  aftnr 
Galvani'B  death  he  invent€wi  the  VoUaic  pile,  th*?  pn>((cniU^r  of  tnir 
modem  batteries.  Volta  was  right  in  maintaiiiing  that  galvanlmii 
can  be  produced  independentlv  of  animals,  but  wrong  in  denyinK  ^^^f^^ 
electrical  currents  could  be  obtained  from  animal  tiiiliM.  Onlvarii 
was  risht  in  maintaining  tbe  existing  of  animal  «loctrioiiy,  \m% 
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wrong  in  suppoBmg  that  the  contact  of  dissimUar  metals  with  tissues 
proved  his  point. 

This  conclusion  has  been  arrived  at  by  certain  new  methods  of 
investigation.  In  1820  Oersted  discovered  electro-magnetism:  that 
is,  when  a  galvanic  current  pasBea  along  a  wire  near  a  magnetic 
needle,  the  needle  is  de6ected  nne  way  or  the  other,  according  to 
the  direction  of  the  current  This  led  to  the  invention  of  the 
astatic  needle  and  the  galvanometer,  an  instrument  by  which  very 
weak  electrical  currents  can  be  detected.  For  a  long  time  the  subject 
of  animal  electricity,  however,  fell  largely  into  disrepute,  because  of 
the  quackery  that  grew  up  around  it.  It  is  not  entirely  free  from 
this  evil  nowadays ;  but  the  scientific  investigation  of  the  subject  has 
led  to  a  considerable  increase  of  knowledge,  and  among  the  names 
of  modern  physiologists  associated  with  it  must  be  particularly 
mentioned  those  of  Du  Bois  Eeymond  and  Hermann. 
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Bofore  we  can  study  those  it  is,  however,  necessary  that  we  should 
understand  the  instruments  employed. 

The  Galvanometer. — The  essential  part  of  a  galvanometer  is  a 
magnetic  needle  suspended  by  a  delicate  thread;  a  wire  coils  round 
it;  and  if  a  current  flows  through  the  wire,  the  needle  is  deflected. 
Suppose  a  man  to  be  swimming  with  the  current  with  his  face  to  the 
needle,  the  north-seeking  pole  is  turned  to  the  left  hand.  But  such  a 
simple  instrument  as  that  shown  in  fig.  160  would  not  detect  the  feeble 
currents  obtained  from  animal  tissues.  It  is  necessary  to  increase 
the  deUcaoy  of  the  apparatus,  and  this  is  done  in  several  ways.  In 
the  first  place,  the  needle  must  be  rendered  astatic,  that  is,  independent 
of  the  earth's  magnetism.  The  simplest  way  of  doing  this  is  to  fix 
two  needles  together  (as  shown  in  fig.  161),  the  north  pole  of  one 
pointing  the  same  way  as  the  south  pole  of  the  other.  The  current 
is  led  over  one  needle  and  then  over  the  other ;  the  effect  is  to  pro- 
duce a  deflection  in  each  in  the  same  direction »  ami  so  the  sensitive- 
ness of  the  instrument  is  doubled.  If  now  the  wire  is  coiled  not  only 
once,  but  twice  or  more  in  the  same  position,  each  coil  has  its  effect 
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on  the  needles ;  the  multiplication  of  the  effect  of  a  weak  current  in 
■  this  way  is  accompliahod  m  actual  galvanometers  by  many  hundreds 
'  of  turns  of  fine  wire. 

Fig.  162  illustrates  the  best  galvanometer;  that  of  Sir  William 

Thomson  (now  Lord  Kelvin),  It  is  called 
|m  reflecting  galvanometer,  because  the  ob- 
server does  not  actually  watch  the  moving 
lueedle,  but  a  spot  of  light  reflected  on  to  a 
1©  from  a  little  mirror,  which  is  attached 
'to  and  moves  with  the  needle,     A  very 

small  movement  of  the  needle  is  rendered 

evident,  becauee  the  movement  of  the  spot 

of  light  being,  as  it  were,  at  the  end  of  a 
Jong  lever—namely,  the  beam  of  light, 
^magnifies  it. 


A*^^ 


noni^tor  conslsta  of  twu  ^atomn  of  boiaII  vit^tic  needJei 

vuspBuded  by  a  nut}  hjilr  mim  a  lupport,  io  that  eftcb  set 

of  ceedkft  U  within  h  qoU  of  fin^  tnanlAted  copper  wife*  tbat 

foiming  the  lower  coil  batdg  wouud  In  mii  ay |:i<}9lta  dLrectlon 

Uf  thA  upi*eiT.    Attached  to  tbe  app«r  aet  of  dq^I««  Is  4 

Nmmll  iDliTDr  about  |  Inch  in  di  a  meter-  thd  light  tiom  the 

tjtmp  mt  B  i§  thrown  npoa  ihia  littie  tnirror,  and  is  reflecUid 

opoti  tbfl  scale  on  tlie  other  aide  of  H,  ncit  ihowii  In  ftgu^. 

"^a  co4lt  it  I  an  arraxiged  npoii  brau  uprlghbi,  and  tliiilT 

egidii  an  cairlad  to  th^  bindiiig  mivws*    Th«  vhola  ap|iar* 

atfu  ii  pUesB^  upon  a  valcanlta  n]at«  capable  of  betng 

levelled  by  thfl  icnew  tiipportM,  and  In  cov6n*d  t^^  a  brais> 

Ixrtind  giiaa  ahudB*  tha  cover  of  which  l*  *lfto  of  bniusA,  wid 

■upports  a  braaa  tfxi   h,  on  wliich  moves  &  weak;  curved 

magnet  m^    C  ift  tbn  4huiit  by  meaii^  of  which  thu  amoont  of 

the  cnrnsiQt  i«nt  into  the  giiJtmnoiii^tor  may  be  EwolaCed. 

When  in  iifw  the  scale  Is  pk<!ed  about  three  ftwt  from  the 

galvaitometer,  which  ia  amngod  ea«t  and  west,  the  lamp  is 

fight^,  the  mirror  ia  mJMle  to  Awtng^  Kn4  the  llgtit  from  t1ii> 

lamp  hi  adJnited  to  f^ll  npon  It,  and  it  tii  th^in   reguUUMi 

antu  the  reflected  tsput  of  ll^t  f^m  it  fulia  npoii  the  cem 

of  the  n^le,    The  wLr?a  f^om  tbtmoii'polartxahlr:!  olectrodea 

tii^ehlDf;  the  mnifclB  are  attached  to  the  ontrr   binding 

Kxviri  of  the  gatvanomettir,  u  key  hitenaning  ftor  ihort  circuiting,  f>r  if  i  Mrtlon  only  of  the 

camtit  19  to  pau  into  the  galvioioinetciCi  the  ^UDt  ahoiild  intervene  as  wtdt  with  the  approprlatci 

plug  tn.    Wbnn  a  cnnrent  pnuraea  Into  the  galvanometer  the  needier  and.  with  them,  the  mirmr, 

aiv  tDmed  to  the  right  or  left  aouordlug  to  the  dLnection  of  the  ijtutent.    The  amount  of  the  de(|ec» 

iion  of  the  needle  is  marked  on  the  ncale  by  the  spot  of  tight  travelling  along  It. 

Non-polarisable  Electrodes.- — If  a  galvanometer  is  connected 
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with  a  muscle  hy  wires  which  touch  the  muscle,  eleotrieal  currents 
are  obtained  in  the  circuit  which  are  set  up  by  the  contact  of  metal 
with  muscle.  The  currents  so  obtained  form  no  evidence  of  electro- 
motive force  in  the  muscle  itself.  It  is 
therefore  necessary  that  the  wires  from  the 
galvanometer  should  have  interposed  be- 
tween them  and  the  muscle  some  form  of 
electrodes  which  are  non-poIariBable.  Fig. 
163  shows  one  of  the  earliest  non-polaris- 
able  electrodes  of  Du  Bois  Beymond,  It 
consists  of  a  zinc  trough  on  a  vidcanite  base. 
The  inner  surface  of  the  trough  is  amalga- 
mated and  nearly  filled  with  a  saturated  so- 
lution of  zinc  sulphata  In  the  trough  is 
placed  a  cushion  of  blotting-paper,  wMch 
projects  over  the  edge  of  the  trough;  on  it  there  is  a  paid  of  china 
clay  or  kaolin,  moistened  with  physiological  salt  solution  (O'S  per 
cent  NaCl);  on  this  pad  one  end  of  the  muscle  rests.  The  binding 
screw  (k)  connects  the  instrument  to  the  galvanometer;  the  other 
end,  or  some  other  part  of  the  same  muBcle,  is  connected  by  another 
non-polarisable  electrode  in  the  same  way  to  the  other  side  of  the 
galvanometer.     If  there  is  any  electrical  difference  of  potential  (that 


Tjo.  103,— Non  polnriaabli  wlec- 
Lrodfl  of  Du  Bui«  Beymond. 
(M'EQDdilck.) 


Fm*  1(^4.  -Diagram  of  IHi  BuIji  Rnymomi  jt  non't>ot>rinB.ble  clActroded.  a,  glft^^  liibfi  flLlod  vrlttt  a  Mtu- 
ra.t«d  Aolutlou  of  zine  aiilphatOf  In  the  etidi  ^i  ^^  whitih  \9  chlin«  clay  drmwD  out  tx>  &  poLni;  this  cUy 
u  moiBten^d  with  0*s  NdCl  aolntloo  ;  in  the  solution  a.  well  umalgAtDJiLeft  sine  rod  i» Imizisrficd  and 
eo&tiectpKl,  hy  moatiA  of  the  wire  a,  witk  the  ffalvatiometer.  T&®  remainder  of  the  appnrmtua  i» 
tLmxily  for  (SCOiv^ulAuoe  of  Jipt^UcAtlou-  The  mnAcle  md  tha  #nd  of  the  Aecond  ele^trodti  &re  to  the 
right  of  the  figure. 

is,  difference  in  amuimt  of  positive  or  negative  electricity)  between 
the  two  parts  of  the  muscle  thus  led  off,  there  will  be  a  swing  of  the 
galvanometer  needle;  the  galvanometer  detects  the  existence  and 
direction  of  any  current  that  ocoura 
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Fig.  164  shows  a  more  convenisnt  form  of  non-polarisable  elec- 
trodes. 

In  order  to  nteasure  the  Btrength  {dec* 
tiorootive  fcux^e)  of  such  rurrcDts*  the  mere 
ftrooUTitof  swm|jr  of  the  needle  is  only  a  very 
rough  IndicaiiODf  and  in  acoiirate  work  the 
arrangeroent  shown  in  fipr^  165  must  be  used. 
The  efectromotive  force  is  usually  mcjisured 
In  terniA  of  a  stanchml  Daniell  cell.  The 
two  suTJ^es  of  the  muscle  (M)  ore  led  off 
to  a  galvanometer  (B) ;  the  needle  swings, 
and  then  a  fraction  of  a  DanieU  cell  m  intro- 
duced in  tlic  reverse  di recti od  so  as  to  neu- 
tralise the  muscle  currents  and  bring  bade 
the  needle  to  rest  From  the  DanieU  cell  K, 
whT*  pass  to  the  ends  a,  h  of  a  long  platlniiin 
wire  of  high  resistanee,  called  the  compen- 
sator ^  ^  is  a  slider  on  this  wire  ;  a  and  c  are 
connected  to  the  galvanometer »  the  com- 
mutator C  enabling  the  observer  to  ensure 
that  the  current  from  the  Dan  jell  passes  in 


the  opposite  direction  to  that  prorlttced  b; 
the  muscle.     If  the  slider  c  is  placed 


d  by 
at  the 


Vui,  166. — Ambgemeiit  for  mouuring  Ibfi  «Iec> 
troinoUvi  tore*  of  muftclfl     (M'Kead^iek^> 

end  h  of  the  eompenaator,  the  whole 


strength  of  the  Daniell  will  be  sent  through  the  gtdyanometer  and  will  more  than 


1   M  i  t  i  1  1  1  i  L^  mm. 

/1 00 


Tio.  106.— Ltppmum'^  Cuplltary  £J«»etirum«iU)r.    (Aftur  WaUer^ 

1^  FiQsaQTC  appamtui  und  mieroscolie  on  atand  or  wbich  the  c«p[ll)iry  ttibif  h  Ilxod, 

£<  0ft{jiU«T7  tube,  iVxad  >□  anUt  tul3Q  conUlning  lO  iM)r  emU  iti]phtirtc  teid  ;  thfl  pIaUduih 

wlrett  «re  dIao  shown, 
B.  Captlltry  and  t^luma  of  menGunr  i^*  A^Q  ^  tha  fitld  of  the  tniat^ttopi* 
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neutrfUJse  the  miiscle  currt'nt;  if  c  is  halfway  between  a  and  />,  half  the  Daniell^s 
strength  will  be  sent  in  ;  but  this  is  also  too  much  ;  ar  will  be  found  to  be  only 
quite  a  smalt  fraction  of  ah  *  and  this  fraction  will  correspond  to  a  propftortional 
ftaction  of  the  electromotive  foi\'e  of  the  Daniell  eelL 

lilppmaiin's  Capillary  Mectromoter,— This  instrument  is  often  used  iostead 
of  the  galvanometer.  It  consists  of  a  ^lass  tulje  drwwn  out  at  one  end  to  a  fine 
capillary  and  filled  with  mercury.     It  is  connected  to  an  apparatus  by  whii-h  the 


Tiu.  leT^—FTOg'ft  heart*    Diphwic  variatton.    t^iitmltanoouii  photogmpb  ot  x  single  bfiit  (app^r  bl«k 
Mm},  and  tho  accompfthjiiig  electdoal  changes  indieatdd  by  the  level  of  tho  Wock  *reft,  wU^h  nhQvu  _ 
tho  vnrylng  level  of  mer^qr;  in  a  opUlAry  el«ctro!in4t«T.    (W&ller,) 

pressure  on  this  mercury  can  be  lowered  or  increased.  The  open  capillRry  tube  is 
enclosed  within  another  tube  filled  with  10  per  cent,  sulphuric  at-id.  Two  platinum 
wires  fused  through  the  glass^  pass  respectively  into  the  merriiry  and  the  acid,  and 
the  other  ends  of  these  wires  are  connected  by  electrodes  to  two  portions  of  the 
surface  of  a  muscle*  The  capillary  tube  is  observed  by  a  microscope  (see  fig*  166)^ 
The  surface  of  the  mercury  is  in  a  state  of  tension  which  is  easily  increased  or 
diminLshed  by  variations  of  electrical  potential,  and  the  mercury  moves  In  the 
dirc<'tion  of  the  negative  p<ile. 

If  the  shadow  of  the  mercurial  cohmm  is  thrown  upon  a  travelling  sensitive 
photographic  platCi  photographs  are  obtained  whirh  show  the  electrical  variations 


Vio,  liv$*— Human  lici&rt,     E|lpbftsic^  ^-iirii&tloiit  ee,  iml  flimulUnvotis  carilofiTAnt,  cc.     Tim«  H  It 
m&rkod  in  ^th  jHooiid*    Th«  l«^-olfii  to  the  cApill»i7  electramctor  wei^  from  tbs  mouth  to  thi^  ^ 
Aulphurtc  ftcjd,  »tid  from  tbi»  ]«rt  ibot  to  the  m«reury,    (Waller*) 

in  a  livini^  tissue  in  a  graphic  manner.     The  instrument  is  exceediugly  ^nsitiTe, ' 
and  it*;  indications  are  practically  instantaneous*     Figs*  167  and  H3  indicate  tlie 
kind  of  result  one  obtains  with  the  heart,  which  will  be  more  fully  discussed  when 
we  are  considering  that  or^an. 

The  Bbeotome.^This  is  an  instrument  by  means  of  wOnch  the  time  of  the  J 
occurrence  of  elcftrjcfll  disturb^inces  in  relation  to  the  contraction  of  a  muscle  caul 
be  determined.  This  is  in  principle  effected  by  a  revolving  bar  carrying  two  contacts^  j 
one  tn  the  primary  or  exciting  circuit  (1,  1^  U  l)i  one  in  the  galvanometer  circuit 
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(2t  2,  2,  2 J.    The  bar  revolves,  and  by  making  or  breaking  the  primary  cij^uit  aejids 
an  induebon  shock  into  the  nerve  at  the  same  instant. 

The  rausde  i^  c^onnected  by  Don-polari sable  electrodes  to  the  gfllvanometer ; 
this  circuit  includes  the  brass  blocks  2,  2,  on  the  disc  over  which  the  bar  revolves, 
and  a  ec»mpensalor  not  shown  in  the  ftgurt^  to  neutralise  any  current  set  up  by  the 
mu^e  in  a  state  of  rest  If  an  electrical  change  mn-urs  in  the  mujk^le,  it  is  only 
noticed  by  the  galvanometer  if  at  the  same  time  the  Iwir  on  its  revolution  connects 
the  two  brass  blocks  on  the  disc,  and  so  completes  the  circuit.  The  apparatus  can 
be  set  so  that  the  bar  makes  the  primary  contact  (1,1)  simultaneously  with  the 
iralvftnometer  contacts*  or  that  the  galvanometer  contact  la  made,  1,  2,  3,  etc^* 
hundredths  of  a  second  later  than  the  primary  contact.     If  the  two  are  closed 


fjo,  liK)^— Hi'licme  of  a  Ilhe>dtomp^    (WtlJrr.) 

fiimultaneously  the  electrical  condition  of  the  must^le  is  tapped  off  at  the  moment  of 

excitation;  if  the  galvanometer  contact  is  closed  liji,  ^li*  fBu*  ^^^'-  second  after 
ejicitation*  ttie  electrical  c ondition  of  the  muscle  at  that  particular  instant  is  ascer* 
tained.  By  a  number  of  experiments  with  different  intervals  t>ctween  the  making 
of  the  two  contacts,  one  ascertains  how  long  after  the  excitation  the  change  in  the 
electrical  condiUon  of  the  muscle  takes  place. 


We  can  now  pass  on  to  a  consideration  of  results. 
In  muscles  that  are  ramovecl  from  the  body,  it  is  found  that  on 
leatling  oflf  two  parts  of  their  surface  to  a  galvanometer,  the  galvano- 
meter needle  generally  swings-  The  most  iiiarkod  result  is  obtained 
with  a  piece  of  muscle  in  which  the  fibres  run  parallel  to  one  another, 
and  the  longitudinal  siurface  is  connected  with  one  of  the  cut  ends 
by  a  wire  (2  in  fig.  170). 

On  the  course  of  the  wire  a  galvanometer  indicates  that  a  current 
flows  from  the  centre  to  the  cut  end  outside  the  muscle,  and  from 
the  cut  end  to  the  centre  inside  the  muscle.     If,  now,  the  muscle  is 
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thrown  into  tetanic  contraction,  the  needle  returns  more  or  h&B 

completely  to  the  position  of  rest. 

Du  Bois  Eaymond,  who  first  deacribed  these  facts,  called  the  firat 
current  the  current  of  rest,  and  the  second  current,  the  ciirrmt  of 
action;  the  change  in  direction  is  indicated  bj  the  expression 
n^aiive  varmtum ;  thia  means  that  the  current  of  action  is  in  the 
opposite  direction  to  the  current  of  rest,  and  therefore  lessens  or 
neutralises  it.  The  word  negative  is  therefore  used  in  its  arithmetical, 
not  its  electrical  senae.  Du  Bois  Reymond  explained  this  by  sup- 
posing that  a  muscular  fibre  ia  built  up  of  molecules,  each  of  which 
is  galvanometrically  positive  in  the  centre  and  galvanometrically 


~7 


Fio.  ITD.^-Diagmm  of  the  currents  Iil*  muttde  prUm.    (Du  Duls  Iteymond,) 

negative  at  both  enda  So  when  a  muscle  is  cut  across,  a  number 
of  the  galvanometrically  negative  ends  of  these  molecules  is  exposed. 
On  contraction  the  difference  between  the  centre  and  ends  of  each 
molecule  is  lessened,  and  the  resultant  effect  on  the  whole  muscle 
(made  up  of  such  molecules)  is  similar. 

In  the  foregoing  sentence  I  huve  employed  the  rather  cutnbroufi  ttdjeetives, 
Ifahamtmdri^athf  jHtjtitipfi  and  ffah^notnefrirititt/  nntfaftre.  instead  of  the  terms 
positive  and  negative  which  are  usually  employed  by  physiologists. 

If  we  take  a  DanieU  oetl  and  eonnect  it  to  a  galvanometer,  the  sine,  as  we  have 
seen,  h  the  electro- positive  element^  and  the  copper  the  electro-negative  element* 
but  the  ends  of  the  wires  which  connect  these  metals  to  the  galvanometer  have  the 
reverie  namejj ;  the  kathode  or  negative  pole  is  connected  to  the  nnc  or  positive 
metal ;  the  anode  or  positive  pole  is  connected  to  the  copper  or  negative  metal. 
The  current  enters  tne  galvanometer  by  the  anode,  and  leaves  it  on  its  way 
back  to  the  ssine  by  the  kathode.  Therefore^  although  the  copper  is  electro- 
negative, it  may  be  spoken  of  a^j  galvanonietricaUy  positive,  and  the  ^ine  though 
electro-positive*  as  galvanometrically  negative. 

If  we  apply  this  to  a  muscle^  we  have  seen  that  the  current  flows  (in  the  wire 
that  connects  the  uninjured  longitudinal  surface  to  the  cut  end)  from  the  lougi- 
tudinal  surface  to  the  cut  end ;  the  longitudinal  surface  thus  corresponds  to  tne 
copper  of  the  DanieU  Cell,  and  is  therefore  eleciro-negative,  though  galvanoTnetricallv 
positive  ;  similarly  the  cut  end  corresponds  to  the  Eine^  and  is  eleetrfj-pogitive  though 
galvanometrically  negative. 

The  omission  of  the  qualifying  prefix  to  ptiJiitive  and  negative  has  led  to  a  good 
deal  of  confusion  in  physiological  writings.     A  physicist  usei  the  terms  positive  &nd 
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ne^Hre  m  meaning  electro-positive  and  dectra-neaative  respectively,  and  05  Dr 
Wnller  has  pointed  out,  it  is  time  that  physiologistii  adopted  the  same  notneticlaturc. 
In  what  now  follows,  I  propose  to  adopt  Dp  WaUcr's  suggestion. 

There  is  no  doubt  about  the  facts  as  described  by  Du  Boia 
Keymond  We  now  adopt,  however,  an  entirely  different  view  of 
their  meaning:  in  causing  this  revolution  of  ideas  the  principal  part 
has  been  played  by  Hermann.  Hermann  showed  that  the  so-called 
coirent  of  rest  does  not  exist"  it  is  really  a  current  produced  by 
injury,  and  is  now  generally  called  a  defnarccUion  current:  the  more 
the  ^idfl  of  the  muscle  are  injured  the  more  positive  they  become; 
and  when  they  are  connected  to  the  uninjurol  centre,  a  current 
naturally  is  set  up  as  described  by  Du  Bois  Reymond*  If  a  muscle 
is  at    rest    and   absolutely  ^ 

uninjured  it  is  iso-eleotsie^ 
that  18,  it  gives  no  current  at 
all  when  two  parts  of  it  are 
connected  together  by  a  wira 

Since  Du  Boie  Rey- 
mond's  researehes,  the  elec- 
trical changes  which  occur 
during  a  single  twitch  have 

been  studied  also,  and  before        ^^^^^^^^^^^^^^^^^^^^w 
we  can  understand  the  "  neg-        ^^^^^^^^^^^^^^^^^^^^^^ 
ative  variation"  of  tetanus,     J^^ 
it  is  obviously  necessary  to       ^  ^^^  ^^^ 

consider  the  electrical  varia- 
tion which  takes  place  during  a  twitch,  for  tetanus  is  ma^ie  up  of  a 
fused  series  of  twitches. 

The  electrical  change  during  a  twitch  is  called  a  diphasic 
variation.  The  contracting  part  of  a  muscle  becomes  first  more 
positive  than  it  was  before ;  it  then  rapidly  returns  to  its  previously 
negative  condition.  The  increase  of  positivity  indicates  a  disturb- 
ance of  the  stability  of  the  tissue ;  the  disappearance  of  this  increased 
positivity  is  the  result  of  a  return  of  the  muscular  tissue  to  a  state  of 
rest  If  the  muscle  is  stimulated  at  one  end,  a  wave  of  contraction 
travels  along  it  to  the  other  end.  This  muscle- wave  (see  p.  118)  may 
be  most  readily  studied  in  a  curarised  muscle,  that  is,  in  a  muscle 
which  is  physiologically  nerveless.  The  electrical  variation  travels 
at  the  same  rate  as  the  visible  contraction,  but  precedes  it. 

Suppose  two  points  {p)  and  {d)  of  the  muscle  are  connected  by 
non-polariaable  electrodes  to  a  galvanometer,  and  that  the  muscle- 
wave  is  started  by  a  single  stimulus  applied  at  A ;  as  soon  as  the 
wave  reaches  {p)  this  point  becomes  positive  to  (d),  and  therefore  a 
current  flows  from  {d)  to  {p)  through  the  galvanometer  (G).  A 
moment  later  the  two  points  are  equi-potential  and  no  current  flows; 
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a  minute  fraction  of  a  second*  later  this  balance  Is  upset,  and  now 
when  the  wave  reaches  the  point  (d),  that  point  is  positive  to  (p), 

and  the  galvanometer  needle  moves  in  the  opposite  direction. 

The  electrical  variations  may  also  be  investigated  by  the  capillary 
electrometer;  the  mercury  moves  first  in  one  direction,  and  then 
in  the  other.     The  deep  black  curve  in  the  next  figure  (fig,  172) 


O'/sec. 


Fio.  17!*, — Dipkulc  curvt  (bljickl  of  tb«  nomwl  sartoiiiM.  Tb«  grty  cnrY*  i*  tbe  monqphasie  cunru  ot 
tiMliftmsinuacle  wh^iii  cue  *4(?c(Tunietar  eonUct  w«ii  pUced  on  tlifl  iA|TlTed  tfhd.  The  two  pboto 
gnpblc  ciirvc:^  &ra  pU^^  un^  over  tbe  otber  no  Uiit  tile  bflgfnnkigB  cotndde,    (EurdoD  g^Qd^^non,) 

shows  the  record  obtaining  by  photographing  the  movement  of  the 
column  of  mercury  on  a  rapidly  travelling  photographic  plate. 

The  eapiUary  elet-trometer  has  the  advantage  of  giving  us  the  means  of  measur- 
ing the  time  of  onset  and  duration  of  the  cicatrical  disturbanc^e*  and  es&periments 
made  with  this  instrument  eonfinij  ttic  earlier  experiments  made  with  the  rheotonte 
They  show  that  the  chunge  only  lasts  a  few  thousandths  of  a  sec^ond*  and  is  over 
long  before  the  otiier  changes  in  form,  etc.,  are  L'omplcted,  Sir  J.  Burdon  Sander- 
son gives  the  following  numbers  from  expetimenta  with  the  frog's  Gpastr-oenemius. 
When  the  musele  wm  exfited  through  its  nerve  the  elet-trlcal  response  began  i  u^p^  and 
the  change  of  form  f^^  second  after  the  stimulation  j  the  second  phase  of  the 
electrical  icaponse  began  i^io  second  after  excitation.  When  the  muscle  was 
directly  excited*  the  latent  period  was  much  shortert  the  change  in  form  beginning 
Txftj^  and  the  elet^tricsl  change  in  less  than  t^Vd  second  after  excitation* 


Fw*  m. 


If.  however,  instead  of  examining  the  electrical  change  in   the 
muBcle  in  the  roaEiier  depicted  in  fig.  171,  one  electrode  is  placed  on 

*  The  time  wiU  vary  with  the  distance  between  (p)  and  (<J). 
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the  iminjured  surface  and  the  other  on  the  cut  end  (see  fig.  173)^  the 
electrical  response  is  a  different  one. 

Under  these  cireunisfcaneas,  the  electrical  change  ia  a  monophiim 
variati&n,  for  when  the  mtiscle-wave  reaches  {d)j  this  part  of  the 
muscle,  owing  to  its  injured  state,  does  not  respond  to  the  excitatory 
condition,  and  the  eleGtrical  response  is  also  extingiiiBhed 

The  grey  curve  in  fig*  172  is  the  graphic  record  of  the  change  as 
re^^ed  bj  the  capillary  electrometer.  It 
will  be  seen  that  the  ascending  limb  of  the 
curve  is  identical  in  the  two  cases,  but  that 
the  second  phase  is  absent.  From  the  point 
at  which  the  diphasic  curve  approaches  its 
culmination  the  injury  curve  diveiges  from 
it, continuing  to  ascend;  the  line  soon  after 
becomes  horizontal,  and  then  begins  slowly 
to  declina  This  long  tail  denotes  only  the 
gradual  disappearance  of  polarisation  of  the 
mercury  meniscus. 

The  meaning'  of  sueJi  photographic  records  becomes 
ckar  by  bestiog  the  elet'troiiieter  with  known  diffef- 

CQG^  orf  potcfitial,  and  from  such  datsL  it  is  jx>sjiible  to  ^^^ 

coDstmct  what  may  be  called  an   irjter|iretation  dia-       f  fi^    -f     ft     4^ 

gram  (fig.  174)»     The  homoiital  hne  is  thiit  of  eoui- 

potentiality  of  the  two  sutfates  of  contact  00  ^^^  W- 

The  curve  P  expresses  the  relative  positivity  of  the 

lurfaee  ip)i  the  cufvc  D',  the  corresponding  relfitjve 

positiTity  of  the  surface  (tfy    S'  h  a  curve  of  which 

the  ordinates  arc  the  algebraic  sums  of  the  correspond- 

inj^  ordinatea   of  F  and  D\     5  is  the   photographic 

curve  which  expresses  S' ;  P  is  the  photographic  curve 

which    expresses     P     (monophasic    variation).      The 

numbers  under  the  horisontal  line  indicate  hundredths 

of  a  second  ;  the  distance  i  t"  expresses  the  time  taicen 

by  the  wave  in  its  progress  firoin  {p)  to  (rl). 

From  these  considerations  we  can  now 
pass  to  study  what  occurs  when  the  muscle 
enters  into  tetanus.  The  simplest  case  is 
that  which  was  first  observed  by  Du  Bois 
Seymond.  He  placed  his  non-polarisahle 
electrodes  in  the  positions  indicated  in  fig.  VIZ,  one  {p)  on  the  com- 
paratively uninjured  surface,  the  other  {d)  on  the  devitalised  cut 
end*  He  sent  in  the  tetanising  series  of  shocks  at  A.  The  elec- 
trical response  is  under  these  eircumatances  a  summation  of  the 
i^di^^dual  electrical  responses  evoked  by  instantaneous  stimuli ;  and 
the  monophasic  character  of  the  single  response  explains  easily  what 
occurs  during  tetanus ;  the  centre  of  the  muscle  becomes  more 
positive  than  it  was  before,  and  so  the  electrical  difference  of  potential 
between  the  centre  and  the  injured  end  is  lessened     But  with  regard 


i/' 
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to  utiiiijured  muscle  the  problem  is  not  so  easy.  It  is  at  first  Bight 
difficult  to  see  why  the  summed  effects  of  a  series  of  diphasic  varia- 
tions should  take  the  direction  of  the  first  phase,  as  was  found  to  be 
the  case  by  Du  Bois  Eeymond  in  experiments  with  the  frog's  gastroc- 1 
nemius.  One  would  have  anticipated  that  "  negative "  variation  in 
the  arithmetical  sense  would  be  absent  altogether,  and  this  is  the  case 
in  absolutely  normal  muscles;  Hermann  has  shown  that  it  is  so 
during  tetanus  of  the  human  foreann.  But  a  muscle  removed  from 
an  animal's  body  cannot  be  considered  absolutely  normal,  and  if  the 
two  contacts  be  placed  on  the  comparatively  uninjured  longitudinal 
surface,  as  in  fig.  171,  a  negative  variation  is  observed,  each  excitatory 
phase  becoming  weaker  as  it  progresses,  and  the  second  phase  of 
each  diphasic  effect  is  weaker  than  the  first  The  following  figure 
illustrates  the  record  obtained  by  the  capillary  electrometer  from  an 


FtG.  lTA.--Btectroni«ter  iwonl  Qt  tnjurad  fl^rfcartiu  during  teUniu,    (Burdon  Sniidersoii.) 


injured  sartor ius  excited  14  times  a  second ;  each  oscillation  repre- 
sents a  single  monophaaic  variation.  The  individual  oscillations  can, 
however,  be  seen  when  the  excitations  follow  one  another  more 
rapidly,  even  up  to  80  or  100  per  second. 

Muscle  is  not  the  only  tissue  which  exhibits  electrical  phenomena, 
A  nerve  which  is  uninjured  is  iso-eleetric ;  injury  causes  a  demar- 
cation current ;  activity  is  accompanied  with  a  similar  diphasic  wave 
travelling  along  the  nerve  simultaneously  with  the  nervous  impulse. 
The  activity  of  secreting  glands,  vegetable  tissues,  retina,  etc.,  is 
accompanied  with  somewhat  similar  electrical  changes,  which  w© 
shall  study  in  detail  later. 

But  the  most  prominent  exhibition  of  animal  electricity  is  seen 
in  the  electric  organs  of  electric  fiahea  In  some  of  these  fishes  the 
electric  organ  is  modified  muscle,  in  which  a  series,  as  it  were,  of 
hyper trophied  end-plates  correspond  to  the  plates  in  a  voltaic  pile. 
In  other  fishes  the  electric  organ  is  composed  of  modified  skin  glands. 


i 
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But  in  each  casa  the  electric  discharge  is  the  principal  phenomenon 
that  accompanies  activity. 

The  Rheosoopic  Frog, 

The  electrical  changes  in  muscle  can  be  detected  not  only  by 
the  galvanometer  and  electrometer,  but  also  by  what  is  known  ag 
tbB  phi^siological  rheosci^^ ;  this  consiets  of  an  ordinary  muscle-nerve 
preparation  from  a  fredi  and  vigorous  frog.     The  nerve  is  stimulated 


^ 


by  the  electrical  changes  occurring  in  muscles,  and  the  nervous 
impulse  so  generated  causes  a  contraction  of  the  muscles  of  the  rheo- 
scopic  preparation.  The  following  are  the  principal  experiments  that 
can  be  shown  in  this  way : — 

L  Contractimi  withmtt  metals.  If  the  nerve  of  a  nerve-muscle 
preparation  A  is  dropped  upon  another  muscle  B  (fig.  176)  or  upoa 
its  own  muscle,  it  will  be  stimulated  by  the  injury  current  of  the 
muscle  on  which  it  is  dropped,  and  this  leads  to  a  contraction  of  the 
muscle  (A)  which  it  suppliea     The  experiment  succeeds  beat  if  the 


Fid.  1T7.— Se<soiirl«i7  ooutnctk^i.    (AfUr  Wilier.) 

tierve  is  dropped  across  a  longitudinal  surface  and  a  freshly  made 
transverse  section, 

2.  Stcondary  contraction.  This  is  caused  by  the  current  of 
action.  If,  while  the  nerve  of  A  is  resting  on  the  muscle  B  (fig, 
177)»  the  latter  is  made  to  contract  by  the  stimulation  of  its 
nervej  the  nerve  of  A  is  stimulated  by  the  electrical  variation 
which  accompanies  the  contraction  of  the  muscle  B,  and  so  a  con* 
traction  of  muscle  A  is  produced.  This  is  called  secondary  con- 
traction.    It  may  be  either  a  secondary  twitch  or  secondary  tetanus, 
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acoordins  as  to  whether  the  muscle  B  is  made  to  contract  singly  or 
tetanically. 

3.  Secondary  contraction  from  the  heart  If  an  excised  but  still 
beating  frog's  heart  is  used  instead  of  muscle  B,  and  the  nerve  of 
A  laid  across  it,  each  heart's  beat,  accompanied  as  it  is  by  an  electrical 
variation,  will  stimulate  the  nerve  and  cause  a  twitch  in  the  rheo- 
Bcopic  muscle  A. 


^ 


I 


In  muscular  contraetion  there  is  a  transformation  of  the  potential 
energy  of  chemical  affinity  into  other  forme  of  energy,  especially 
molar  motion  and  heat.  Heat  is  a  form  of  motion  in  which  there  is 
movement  of  molecules;  in  molar  motion  there  is  movement  of 
masses.  The  fact  that  when  a  blacksmith  hammers  a  piece  of  iron 
it  becomes  hot  is  a  familiar  illustration  of  the  transformation  of  one 
mode  of  movement  into  the  other.  Heat  is  measured  in  heat-units  or 
calories.  One  calorie  is  the  energy  required  to  raise  the  temperature 
of  1  gramme  of  water  from  0""  to  1°  C, ;  and  this  in  terms  of  work  is 
equal  to  425 '5  gramme-metres,  that  is,  the  energy  required  to  raise 
the  weight  of  425*5  grammes  to  the  height  of  1  metre, 

A  muscle  when  uncontracted  La  nevertheless  not  at  absolute  rest. 
We  have  already  seen  that  it  posaesaea  tonus  or  tone ;  it  also  possesses 
what  we  may  call  chemical  tone;  that  is,  chemical  changes  are 
occurring  in  it,  and  consequently  heat  is  being  produced*  But  when 
it  contracts,  the  liberation  of  energy  is  increased ;  work  is  done,  and 
more  heat  is  produced;  the  heat  produced  represents  more  of  the 
energy  than  the  work  done*  The  more  reaistance  that  is  offered  to  a 
muscular  contraction,  the  more  is  the  work  done  relatively  increased 
and  the  heat  diminished.  The  amount  of  heat  produced  is  increased 
by  increasing  the  tension  of  the  muscla  It  cUminishes  as  fatigue 
comes  on.  On  increasing  the  strength  of  the  stimulus  the  amount 
of  heat  increases  faster,  proportionately,  than  the  work  performed. 

If  work  is  done  by  a  few  large  contractions,  more  heat  is  produced 
than  if  the  same  work  is  done  by  a  lai^er  number  of  smaller  contrac* 
tions ;  that  ia,  more  chemical  decomposition  occurs,  and  fatigue 
ensues  more  rapidly  in  the  first  case.  This  fact  is  within  the  personal 
experience  of  everyone.  If  one  ascende  a  tower,  the  work  done  ia 
the  raising  of  the  weight  of  one's  body  to  the  top  of  the  tower.  If 
the  staircase  in  the  tower  has  a  gentle  slope,  each  stop  being  low, 
far  lose  fatigue  is  experienced  than  if  one  ascended  to  the  same  height 
by  a  smaller  number  of  steeper  steps, 

UT 
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On  a  cold  day  ooa  keeps  oneaelf  warm  by  muscular  exercia© ;  thia 
common  fact  is  confirmed  by  more  accurate  experiments  on  isolated 
muscles,  the  heat  produced  being  suflScient  to  raiee  temporarily  the 
temperature  of  the  muscla  This  can  be  shown  in  large  animals  by  in- 
serting a  thermometer  between  the  thigh  muscles  and  stimulating  the 
spinal  cord.    The  rise  of  temperature  may  amount  to  several  degrees 

In  the  case  of  frog's  muscles,  Helmholtz  found  that,  after  tetanis- 
ing  them  for  two  or  three  minutes,  the  temperature  rises  014'  to 
018°  G;  and  for  each  single  twitch  HeideuhaiB  gives  a  rise  of 
temperature  of  from  0*00 r  to  0005°  C, 

For  the  detection  of  such  small  rises  in  temperature,  a  ihsrmcpUi, 
and  not  a  thermometer,  is  employed. 

A  thermopile  consists  of  a  junction  of  two  different  metals;  the 
metals  are  connected  by  wires  to  a  galvanometer*  If  the  junction 
is  heated  an  electrical  current  passes  round  the  circuit,  and  is 
detected  by  the  galvanometer.     The  metals  usually  employed  are 
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iron  and  German  silver,  or  antimony  and  bismuth.  If  the  number 
of  couples  in  the  circuit  is  increased,  each  is  affected  in  the  same 
way,  and  thus  the  electrical  current  is  increased  through  the  galvano- 
meter. The  arrangement  is  shown  in  the  fig,  178,  which  also  indicates 
the  direction  of  the  currents  produced,  the  metals  employed  being 
ftntimony  and  bismutL  By  using  16  couples  of  this  kind  Helmholtz 
was  able  to  detect  a  change  of  ^j^^^i'  ^f  ^  degree  Centigrada 

Within  certain  limits,  the  strength  of  the  current  is  directly 
proportional  to  the  rise  of  temperature  at  the  junction. 

If  two  couples  are  in  circuit,  as  shown  in  the  second  diagram,  and 
they  are  heated  equally,  no  current  will  pass  through  the  galvano- 
n^eter,  the  current  through  one  couple  being  opposed  by  the  current 
through  the  other.  But  if  the  two  couples  are  heated  unequally,  the 
direction  of  swing  of  the  galvanometer  needle  indicates  which  is 
the  warmer.  To  apply  this  to  the  frog's  gastrocnemius,  plunge  several 
needle-shaped  couples  (diagram  3)  into  a  frog's  gastrocnemius  of  one 
side  and  the  same  number  of  couples  into  the  gastrocnemius  of  the 
other  side,  and  then  excite  first  one  then  the  other  sciatic  nerve ; 
a  deflection  of  the  galvanometer  will  be  observed  first  in  one,  then  in 
the  other  direction,  indicating  the  production  of  heat  first  on  one 
side,  then  on  the  other. 
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The  eheznical  dtftngw  vliidi  am  Dornullj  coeufrifig  iii  a  raiting 
mnade  aie  maeli  incmsed  when  it  Gontiacts.  Waale  prodnets  m 
oxidatioii  are  dischazged,  and  the  moei  abmidaiit  of  theee  is  carticaiic 
add.  Saroc>4ae4ic  md  la  also  pitdnoed^  and  tl>e  alkaline  lee^ion  ef 
a  normal  mosck  is  replaced  hf  &n  a^  ooa  The  mnsite  of  aminals 
hunted  to  death  are  acid;  Ibe  acid  raacHon  to  litmus  p^wr  of  a  fro^s 
^tftroeneoiius  can  be  raadilj  abown  ftftar  it  has  be«i  tetaniaed  for  10 
to  IS  foinotfta 

When  a  mnaela  eonlncis,  the  quantity  of  oxjgen  eonsumod  is 
increased^  and  at  the  mae  time  there  is  a  eooeepcMiding  inereaee  in 
the  discharge  of  eartxmie  add.  Ttm  will  be  iUnslzalad  Sj  nunfeen^ 
data  when  kter  we  mm  studying  tnsne  raflpintioii,  and  the  way  in 
whieh  the  blood  gases  ma j  be  obtained  and  ajialyaed  (Chapler  XXL  V.) 

For  a  certain  time  after  its  remoral  from  the  body,  an  excised 
miiaele  ean  be  made  to  contract  and  giTe  off  oxidation  products  like 
carbonic  aeid  in  an  atmo^haiB  containing  no  oxygen  at  all  The 
oxygen  need  is  thus  stoxed  tip  in  the  muscle  preirioiidy.  The  oxygen 
is  not,  however,  present  in  the  free  state,  for  no  caygen  c»n  be 
detected  in  the  gases  obtained  from  muscles  by  means  of  an  air^ 
pump.  Excised  musalee,  however,  must  be  re^rded  as  partially 
asphyidaledp  for  their  indiyidual  fibres  are  laigely  cu(  off  from  that 
ready  supply  of  oxygen  which  normally  reaches  them  by  the  blood* 
Dunug  life  (and  the  lining  condition  can  be  imitated  by  placing  an 
excised  muscle  in  an  atmosphere  of  pure  oxygen)  the  inuaetdar 
substance  breaks  down  into  a  number  of  somewhat  simpler  bodies ; 
une  of  tbeae  is  carbonic  acid.  The  others^  however,  or  some  of  them, 
are  at  once  built  up  again  with  the  inclusion  of  oxygen  and  some 
i^^rbon-Gontaining  subetfmce,  perhaps  sugar,  into  living  material. 
The  muscle,  therefore^  does  not  contain  any  of  the  bye-products  of 
its  own  metabolism.  In  excised  muscle,  when  the  oxygen  supply  is 
deficient  the  bye-products  accumulate,  as  a  result  of  which  very 
striking  alterations  take  placa  (1)  The  reaction  of  the  muscle 
changes  and  the  phenomena  of  fatigue  and  functional  death  set  in. 
(2)  'Hie  proteins  become  coagulated,  and  this  is  the  physical  basis  of 

There  are  other  chendcal  changes  in  the  muscle  whan  it  contracts^ 
for  instance^  a  change  of  glycogen  into  sugar.  The  question  whether 
nitrogenous  waste  is  increased  during  muscular  activity  is  a  much 
debated  one,  and  we  shall  return  to  it  when  we  are  studying  the 
urine.  Wliat  is  certain  is  that  the  increased  consumption  or  carbon 
(possibly  in  large  measure  derived  from  the  carbohydrate  stored  in 
the  muscle)  is  a  much  more  marked  and  immediate  feature  than  an 
increase  in  the  consumption  of  nitrogen. 
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Fatigue. 

If  the  nerve  of  a  nerve-muacle  preparation  is  continually  stimu- 
latedi  the  muscular  contractions  become  more  prolonged  (see  p*  117), 
Bmaller  in  extent,  and  finally  cease  altogether. 

The  muscle  is  said  to  be  fatigued:  this  is  due  to  the  consump- 
tion of  the  substances  available  for  the  supply  of  energy  in  the 
muscle,  but  more  particularly  to  the  accumulation  of  waste  products 
of  contraction  j  of  these,  sarco-lactic  acid  is  probably  an  important 
one.  Fatigue  may  be  artificially  induced  in  a  muscle  by  feeding  it  on 
a  weak  solution  of  lactic  acid,  and  then  removed  by  washing  out  the 
muscle  with  salt  solution  containing  a  minute  trace  of  an  alkali.  If 
the  muscle  is  left  to  itself  in  the  body,  the  blood-stream  washes  away 
the  accumulation  of  acid  products,  and  fatigue  passes  off. 

The  question  next  presents  itself,  where  is  the  seat  of  fatigue  I 
Is  it  in  the  nerve,  the  muscle,  or  the  end-plates  ?  If,  after  fatigue  has 
ensued  and  excitation  of  the  nerve  of  the  preparation  produces  no 
more  contractions,  the  muscle  is  itself  stimulated,  it  contracts ;  this 
shows  it  Is  still  irritable,  and,  therefore,  not  to  any  great  extent  the 
seat  of  f atigua 

If  an  animal  is  poisoned  with  curare,  and  it  is  kept  alive  by  arti- 
ficial respiration,  excitation  of  a  motor  nerve  produces  no  contraction 
of  the  muscles  it  supplies.  If  one  goes  on  stimulating  the  nerve  for 
many  hours,  until  the  effect  of  the  curare  has  disappeared,  the  block 
at  the  end-plates*  is  removed  and  the  muscles  contract:  the  seat  of 
exhaustion  is  thei^efore  not  in  the  nenres. 

By  a  process  of  exclusion  it  has  thus  been  localised  in  the  nerve- 
endings. 

When  the  muscle  is  fatigued  in  the  intact  body,  there  is^  however, 
another  factor  to  be  considered  beyond  the  mere  local  poisoning  of 
the  end-plates.  This  is  the  effect  of  the  products  of  contraction 
passing  into  the  circulation  and  poisoning  the  central  nervous  system. 
It  is  a  matter  of  common  experience  that  one*s  mental  state  influ- 
ences markedly  the  onset  of  fatigue  and  the  amount  of  muscular 
work  one  can  do.  This  aspect  of  the  question  has  been  specially 
studied  by  Waller  and  by  Mo  a  so.  Mosso  devised  an  instrument 
called  the  trgograph,  which  is  a  modification  of  Waller's  dynamograph 
invented  many  years  previously.  The  arm,  hand,  and  all  the  fingers 
but  one  are  fixed  in  a  suitable  holder ;  the  free  finger  repeatedly  lifts 
a  weight  over  a  pulley,  and  the  height  to  which  it  is  raised  is  regis- 
tered by  a  marker  on  a  blackened  surface. 

By  the  iise  of  this  and  similar  instruments  it  has  been  shown 
that  the  state  of  the  brain  and  central  nervous  system  generally  is  a 

*  Another  con ven tent  block  wttirK  is  sometimes  used  la  to  throw  a  (-onstant 
current  into  the  nerre  between  the  pomtof  excitation  and  the  muscles.  This  pre- 
vents the  nerve  impulses  from  reaching  the  muscles. 
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most  unportaot  factor  in  fatigue,  and  that  the  fatigue  procluots  pro- 
^duoed  in  the  muscles  during  work  cause  most  of  their  iHJurious 
effects  by  acting  on  the  central  nerroua  system  and  diminishing  its 
power  of  sending  out  impulaea 

One  of  the  most  striking  of  Mosso's  experiments  illustrates  in  a 
very  forcible  manner  the  fact  that  the  central  nervous  system  is  more 
easily  fatigued  than  the  nerve-endings  in  musola  A  person  goes  on 
lifting  the  weight  until,  under  the  influence  of  the  will,  he  is  unable 
to  raise  it  any  mora  If  then  without  waiting  for  fatigue  to  pass  ofiF, 
the  nerves  going  to  the  finger  muscles  are  stimulated  artificially  by 
induction  shocks,  they  once  more  enter  into  vigorous  contraction. 

Mosso  has  also  shown  that  the  introduction  of  the  blood  of  a 
fatigued  animal  into  the  circulation  of  a  normal  one  will  give  rise  in 
the  latter  to  all  the  symptoms  of  fatigue.  The  blood  of  the  fatigued 
animal  contains  the  products  of  activity  of  its  muscles,  hut  still 
remains  alkaline ;  the  poisonous  substance  cannot  therefore  be  free 
lactic  acid ;  and  lactates  do  not  produce  the  effect.  Lactic  acid  is 
doubtless  one  only  of  the  products  of  muscular  activity ;  we  have  at 
present  no  accurate  knowledge  of  the  chemical  nature  of  the  others. 

The  statement  that  nerves  arc  not  fatiguable,  does  not  mean  that  the  nerve 
I  ibres  undeigo  no  metiboUc  changes  when  transmitting  a  nerve  inipuiset  but  that 
the  change  is  so  slight,  and  the  posslbiHUes  of  repair  sn  great,  that  fatigue  in  the 
usual  ttcce[>tation  of  the  term  cannot  be  demonstratetL  Waller  made  the  interesting 
but  tentative  suggestion  that  the  medullary  ^ht^ath  is  a  gtt^nt  factor  in  repair,  or,  in 
bifl  own  words,  **  the  active  grey  axis  both  lays  down  and  uses  up  its  own  fatty 
sheath  1  and  it  is  inexhaustible  not  bec^aitse  there  is  little  or  no  expenditure,  but 
because  there  is  an  ample  re-atippLy.'* 

A  year  or  two  after  these  words  were  written.  Miss  Sowton,  at  Dr  Waller's 

suggestion,  undertook  u  piece  of  work  in  order  to  test  the  truth  of  this  hypothesis. 

If  de  absence  of  fatigue  is  due  to  the  presence  of  Uje  fatty  sheath,  fatigue  ought 

,  to  be    demonstrable  in   nerve-fibres   in   whieh   the   fattv  sheath   is  absent.     She 

elected  the  olfactory  nerve  of  the  pike  as  the  non-medullated  nt^rve  with  whieb  to 

^tiy  the  experiment,   and    her  results    confirmed   Dr   Waller^s   expectation ;    the 

Silvanometric  replies  of  the  nerve  became  somewhat  feebler  after  repeated  stimu* 
tion. 

It  appeared  to  me  advisable  to  test  the  question  in  another  way.  The  splenic 
nerves  secraed  to  be  the  most  convenient  large  bundles  of  non>meduUated  fibres 
f<tt  the  purpose.  Dr  T.  G.  Brodie  was  associated  with  me  in  carrying  out  the  In^ 
vcstigatlon.  A  dog  is  aneesthetiscd,  the  abdomen  opened,  the  spleen  exposed*  and 
the  splenic  nerves  which  He  by  the  side  of  the  main  splenic  artery  are  laid  Inire, 
lit  is  quite  easy  to  dissect  out  a  length  of  ner\^e  sufficient  for  the  experiment  (U  to  2 
inches).  The  nerve  is  then  cut  as  far  from  the  spleen  as  possible,  and  the  spleen 
is  enclosed  in  an  air  oncometer  connected  to  the  bellows  volume  recorder  invented 
by  Dr  Brodie.  On  stimulating  the  nerve  with  a  weak  faradic  current  the  organ 
contracts,  and  the  recording  lever  falls*  The  diminution  of  the  siie  of  the  spleen 
is  quite  visible  to  the  nakc^d  eye,  however,  without  tlie  use  of  any  apparatus.  The 
next  thhjg  to  do  is  lo  put  a  l>lock  on  the  course  of  the  nerve*  whi*'n  will  prevent 
the  nerve  impulses  from  reaching  the  spleen*  Here  we  met  with  some  difficulty. 
Curare  and  atropine  are  both  ineffective  j  the  txinstant  current  has  a  great  dis- 
advantage ;  noD-medullated  nerve-s  are  so  much  affected  that  very  feeble  constant 
currents  will  completely  block  the  transmission  of  impulses,  and  not  only  that»  but 
the  nerve  remains  blocked  after  the  current  is  removed.  After  the  current  has 
been   allowed  to  tlow   for  two   minutes  the  nerve  remilins  impassable  to   nerve 
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impulses  for  an  hour  or  more,  and  tlien  slowly  recoyets.  If,  therefore »  fafadic 
excitatioii  of  the  nerve  is  kept  up  all  this  time  and  fails  to  excite  the  t'ontraction  of 
the  spleen  after  the  j-emoval  of  the  constant  current,  it  i&  im possible  to  say  whether 
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Fw.  ITfl.— Appftimttti  for  obUiuIng  ipletOu  curve*.  h«  upiixa  In  omxiinQter  o,  nUich  la  mmdn  of  gutt*- 
pfnrha,  miitJ  covisiwl  wJlh  i  glaw  plate  (o.p,)  luted  oa  with  VMaUnn.  m  la  tha  splenic  njauntecy 
dontaiidn^  sf^mala  ftcd  (i«ive« :  %hlM  pusw  throQgli  &  sUt  iQ  the  tsMe  of  the  o&duTn«t«t  whkh  Is  iiiadfi 
AiT-tr^bt  with  vueUaa.  TbA  oueometer  li  cniui«ct«d  to  the  ll«xibla  bellowt  (p)  by  tha  Ui(lJ*-TublHr 
lube  En),  tbs  ilde  tube  (t)  boing  closed  dtulijg  ui  ezpezimeat  by  s  pioee  of  £lui  ncid.  Tlw  noofiUiv 
Iflver  (t)  wHle*  on  a  TevolvUii;  drum. 

this  is  due  to  fatigue  of  the  nerve-fibres  on  the  proximal  side  of  the  blot*k»  or  whcth^t 

It  may  not  be  due  to  the  fact  that  the  block  created  by  the  constant  current  is  still 

effective. 

Our  best  results  were  obtained  by  using  cold  instead  of  a  constant  current  ma 

our  blocking  agent. 

Fij^.  1 7d  is  an  outline  drawing  of  the  apparatus  used,  and  fig.  180  shows  the 
arrangement  adopted  in  connection  Avith  the  nerre. 
The  nerve  (n)  rests  on  a  metal  tube  (t)  through  which 
water  can  be  kept  flowing*  >;  is  tiie  situation  of  the 
electrodes.  If  the  nerve  is  excited,  the  spleen  con* 
tract Si  and  the  recording  lever  (in  fig.  I79j  falls.  If 
now  brine  at  0  to  2  C,  is  kept  flowing  through  t,  the 
nerve  impulses  are  blocked  by  the  i^old,  and  cannot 
reach  the  spleen.  Immediately  the  cold  brine  is  re- 
placed by  warm  water  at  30"  C*,  the  nerve  aga.in  becomes 
passable  by  nerve  Impulses,  and  the  spleen  contracts 
once  more. 

If  while  the  fluid  in  t  is  kept  at  tJie  low  tempera- 
ture mentioned^  the  nerve  is  being  excited  with  strong 
induction  shocks  all  the  time,  the  spleen  remains  irre- 
sponsive I  the  nerve  impulses  are  sole  to  reach  t  but 
not  to  pass  it.  If  then  warm  water  is  passed  ttirough  t, 
and  the  block  prcidui^d  by  the  cold  is  thus  removed, 
and  the  spleen  continues  to  be  irresponsive,  we  have  a 
proof  that  the  piece  of  nerve  between  c  and  r  has  been 
fatigued.  But  our  experiments  have  shown  us  that 
tion^medullated  nerve  is  just  as  difficult  to  fatigue  as 
meduilated   nen^e.     Even   after  six  hours*  continuous 

excitation  the  nerve  is  just  as  excitable  as  it  was  at  the  start,  and  a  full  splenic 

contraction  is  obtained  when  the  cold  block  i^  removed* 

We  have  made  similar  experiments  with  vaso-motor  nerves,  such  as  the  eervicaj 

sympathetic  nerve  in  the  rabbit,  the  splanchnic  nerve  of  the  dog,  and  tlie  sciatic 

nerve  in  a  curarised  dog,  and  have  obtained  corresponding  results.    Tliis  cotiflfms 
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Fid,  ISO.— AmjigeiiieDt  or  tp- 
I^ATAtmi  In  cHjn^DcUon  wltb 
tbs  jplcnlc  tiervti*  r  ia  tbo 
Apleeiii  and  n  tbe  ai&Lti 
tAiDille  of  ueryeft*  Tbe 
tiervQ  rutfl  on  tbtt  inetcl 
tobe(T)thpcittgh  wbicb  tluld 
kt  yifl  zmulnd  t«iiiji«»tur« 
ti  topt  ilawliig„  vxil  oEk  the 


alecttodea  (u)  which  come 
&OZD  lUe  »&coDd&i7  ootl  uf 
an  Isductorjiun. 
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He  ccnMeis  tkit  the  o^r  ipniic  dfact  «f  till 
tncreMe  of  i«iex  actJTftj*  4Ad  ke  liljilmtes  1^  : 

dioxide  in  Ifce  fat  nok.    Eve,  oi  liie  uwiiMjt 

H^  tnttrt  riMtfhiiilr  fim  shi^  cxpincais  th^  Dr  Watter^s  Ukfcvy  is  «Bpio«^ 
and  tliftt  vfaUe  Mne  ii  diBonritnbeMi  aerrr^odb.  tt  his  neinrf  rH  b««ti  ihinra 
t0  occur  in  nerve^^Etes  of  ^Ao-  Ae  nwdnUiitnl  or  aott-avinlbt^  v^jicty. 

In  cajwfw^  oat  tbcse  cspetiBicBls  we  noHced  Ifaat  tfaiM«g)i  tio  fumiioiid  f«Mgui 
cm  be  demoAtnted,  tfacrc  is  iiotiec«b4e,  a^eaa^   in    vaso-oiatar   nenrr»t  n 


^  jwi  ;  this  i»c«iis  tiiat  lh<f  at'^iMil 
inot  of  nerre  stimiilticd  beeuoict  «itcf  atime  less  «9ectt«ble«  «]id fiMl^^r•  ineausilslilv^ 
tiiottgfa  it  will  ^till  tnasmit  impulses,  if  the  cxintatkni  is  applied  ibove  th«  spot 
or^gmaUj  stimulated.  We  iMak  that  the  u$e  of  the  tern  "IkttfM  "  i*'  tKL«  ^.^m. 
nectiofi  is  a  mistaJse ;  the  pmlo^ed  ekctrieal  cxcitatJOii  eatis«&  Ix^iirt^  ^«< 

tiOD  (due  to  electro^ jtie  cliaiHs}  of  the  nerve,  which  readers  it  less  exoi  i  liti 

Tfcw  has  been  eoojirmed  by  Ftof  Gotch  by  tneans  at  txpeiig&enis  wilh  Iht^  <^<«^IUu7 
dectmitieter.  This  so-called  '*  stimuljation  fatigue  *  was  not  eaj^duded  m  M&ss 
Sowton^s  experiments «  and  wiH  possibly  explain  her  results.  The  splenic  nerwa, 
curiously  enough,  do  not  e^Ehibit  this  phejiomenon  iti  any  rnnrked  df|cTee»  *wd  » 
were  pcsculiatijr  well  adapted  to  test  the  question  of  functional  f4«tMC^  Ondi  fmmi 
gnmnds  we  should  hardly  expect  noo-fiiedullated  nerres  to  be  |.ieciittai|y  MietptMt 
of  tmi  fatiiciiet  when  o>ne  etmMem  how  miitiy  of  theiii»  tike  the  Ttfl^^nnalik^uni 
ue  in  constant  actioa  thioughont  life. 

Higor  Mortis. 

After  death,  the  mascles  gradually  lose  their  irritability  and  \mm 
into  a  contracted  conditioiL  TbiB  afiects  all  the  muscles  of  tho  liody, 
and  UBimliy  fixes  it  in  the  natural  posture  of  equitibriuia  or  roai 

I  general  stiffening  thus  produced  constitutes  ri^or  mm^tu  or  post- 
rigidity. 

The  cause  of  rigor  is  the  coagulation  of  the  musele*pla3iua,  which 
is  more  fully  described  in  the  next  section.  Tliia  ooaguUitiou  roaulta 
in  the  formation  of  myosin,  and  is  gradual  in  onset  Siimillanooiiily 
tlie  muscles  (a)  hecome  shortened  arid  (^mque,  (b)  ksai  i$  m?olveti,  (o) 
ikey  §iTe  off  carbonic  acid,  and  (d)  hecoms  amd  in  reaction;  Uiis  is  clue 

part  to  the  foriuation  of  sareo-lactic  acid,  and  in  part  to  the  forina- 
ion  of  acid  phosphatea 

After  a  varying  interval,  the  rigor  passes  oST,  and  the  mnsclos  are 
once  more  relaxed.  This  sometimes  occurs  too  quickly  to  be  caused 
by  putrefaction,  and  the  suggestion  that  in  such  oafios  at  any  rale 
such  relaxation  is  due  to  a  ferment-action  is  very  plausible.  It  is 
known  that  a  pepsin4ikeor  proteolytic  ferment  is  present  in  nniscle^ 
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ii  in  nmny  other  animal  tissu6s,  kidney,  spleen,  etc.  (Hedin),  and 
Uiat  i*uch  fermouts  act  l>e8t  in  an  acid  medium.  The  conditions  for 
the  idlittion  of  tli©  coagulated  myosin  are  therefore  present,  as  the 
f*%<ii'tii>u  (»f  ri(jtjred  muscle  is  acid. 

thiter  if  OemirrmoB. — ^The  muscles  are  not  affected  sinjiiltaneously 

hy  ilK*^!'  JiitvrtiB.     It  affeets  the  neck  and  lower  jaw  first ;  next,  the 

lijj(»in"   liXtrtuiiitioB,  extending  from   above  downwards;  and    lastly, 

, r***it'h4w  tho  kiwor  limbs;  in  some  rare  instances  it  affects  the  lower 

Ifilmiiiltitm  litifore«  or  simidtaneonsly  with,  the  upper  extremities. 

|I^  Uttually  t't^aftOB  in  the  order  in  which  it  begins:  first  at  the  head, 

f|h**ii  iu  tlui  uppor  oxtremitieSi  and  lastly  in  the  lower  extremitiee. 

It  mi  Mom  icunuumnms  earlier  than  ten  minutes,  or  later  than  seven 

hoHu  ufUtr  death;  and  its  duration  is  greater  in  proportion  to  the 

iiiMitmi  of  itipi  acceBBion. 

I'iwj  iHituirrt^noe  of  rigor  mortis  is  not  prevented  by  the  previous 
l*4iit<tncii>  uf  imralyBts  in  a  part,  provided  the  paralysis  haa  not  been 
atU^mlinl  wita  very  imperfect  nutrition  of  the  muscular  tissua 

1  -{  HUflileiMltvUh  from  Ughliiing,  violent  mjunes,  or  paroxysms  of 

,  huH  Im'cii  Hitid  not  to  o<'cur  at  nM ;  but  this  is  not  always  the 
,       IT  I  i  I,  I  If  ilonhtt'd  vvhethor  there  is  really  a  complete  ab^^ence  of 

|(^   uui^i  ,>  i4lly  111  rtiiy  Nuch  eases  ;  for  the  cxpeHmciits  of  BrownnS<.'quard 

mki'  a  in-  iJ  -^    Hittl  Ihi^  Hijidity  may  sopervene  imioediately  after  deathj  and 
\mn  (*»**  «W«y  With  Mirh  riiplillty  a»to  be  scarcely  observable. 


OhvniiiiaJ  Oomposition  of  Muscle. 

Mm.  |ilHiiiiiiiiiina  i>f  Tlff}V  mortiB  will  be  more  intelligible  if  we 

ill       ^       V  ul  nuiupoKition  of  muscle, 
I  inhim  itt  inuscle  resembles  connective  tissue  else- 

■  WH   aiitl    fat  obtained  in  analyses  of  muscle  are 
I  tUnmi,     11  J()  Harcolemma  13  composed  of  a  substance 

\Au  la  ILm  k(i1  abilities, 

.  M, ilmt^uiHi  within  the  muscular  fibres  is^  during 

hI  iMiiiNlMttuiriy,  and  contains  a  large  percentage  of 
.    MiiiidK  of  extractives  and  inorganic  salts. 

I  irttaneo  can  be  squeezed  out  of  perfectly 

(  i[.  [H  Mi*Ki  rn\M  the  mmch-plasma, 

hIu  liluniimi  liI(o  blood-plasma^  coagulates  (thus 

iinimii  an  rigor  fnortis).    The  solid  clot  corre- 
,,^  tnmn  \ihiOi\'phmm  is  called  myosin,  and  the 

,  ^     »  riiiMMirilt  U  found  that  the  coagulation  of 

I  UUm\  iilaimft  oan  be  prevented  by  cold,  by 

uil  iMilk^  f^ad  by  potassium  oxalate,  which 

.lMt>Ui  iiicalnte   of  calcium,  the  lime  salts 

.^uii  ("rMOtmiip     In  both  cases  the  clotting  is 
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ppodoeed  %  the  actioii  of  a  fouawit  < 
eases  the  preenisor  of  the  solid  clot  is  a  i 
which  pfBvioufilj  exiled  in  BohliOP- 

Fibrin  in  the  blooddoi  ii  fbmed  haat  tbd 
GbriniDgea  of  Ibe  Uood-fb^n.    Mjosn  in  Am  i 
from  the  ^lernemtij  aohusie  fqpMMpM^  of  1 ' 
the  blood-elol  oonlneti  tl  flqweam  cml 
muscle-clot  coE^ncte  it  sijiia 
serum  containg  enu^  qn&BtiliBa  of  aHinminy  mnlerinl,  togelhag  with  I 
the  extractivee  nod  nits  of  tlia  mnaeb.    The  ori^  of  tfae  aaioo- 
lactic  acMiaaooptaireiiialqoortiows  aome  believe  tl  ot^iAtfiB  bom 
the  G&rbobjdial0  (gljoogen  and  angar);  o^berB  think  it  ooanee  bomi 
the  protdn  motaoolei  in  the  miiiela 

The  general  composition  of  muaenlar  tiapie  la  the  lollowing: — 

Water 

PniteiDS    * 

G^^m  . 

Fat  ,  .  . 

Extradli%^ 
Imifi^vue  salts    . 

The  proteirta^  as  already  stated,  chiefij  paaa  into  the  dot:  very 
little  iB  found  in  the  muecle-semm. 

The  extractives  comprise  a  Large  ntmiber  of  oiganic  aixbetaneesyJ 
all  present  in  small  quantities,  some  of  which  are  nitrtgenoiis,  lik^j 
creatine,  creatinine,  xantMne,  and  hjpoxanthine :  the  rest  are  non^j 
mtrogenous — namely,  fate,  glycogen,  siigar,  inoaite.  and  the  varietyl 
of  lactic  acid  known  as  sarco-lactic  acid*  The  inorganic  salta  aiBi 
chiefly  salts  of  potassium,  especially  potaasiam  phoaphate. 

The  condition  of  dead  muscle  reminds  one  somewhat  of  contracted 
muscle.     Indeed,  the  similarity  ia   so  striking  that  Hermann  haa 
propounded  the  idea  that  contracted  muscle  is  muscle  on  the  road  to 
death,  the  differences  between  the  two  being  of  degree  only.    Ha  , 
considers  that,  on  contraction,  a  hypothetical  materid  term^  inogml 
is  broken  up  into  carbotiie  acid,  sarco-laetic  acid,  imd  myosin;  oa| 
death  the  same  change  occurs,  only  to  a  much  more  market!  extent 

This  idea  is  a  far-fetched  one,  but  it  is  a  useful  reminder  of  thai 
similarities  of  the  two  cases.     In  chemical  condition,  contracted  and 
dead  muscle  are  alike,  so  far  as  the  formation  of  acid  products  is  ^ 
concerned;  there  is,  however,  no  evidence  of  any  formation  of  a| 
muscle-clot  (myosin)  during  the  contraction   of   living  muscle,  af  J 
there   is  in  dead  muscle.    Then   heat   is  produced  in    both 
and  in  both  cases  also  the  muscle  is  electro-positive  to  uncontracted 
muscle, 

*  For  fiif  ther  det&ils  see  small  text  at  the  end  of  this  cbiipter» 
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Here,  however,  the  analogy  must  end:  far  living  contraeted 
muscle  is  irritable,  dead  muscle  is  not.  Living  contracted  muscle  is 
more  extensible  than  ancontracted  muscle ;  muscle  in  riffor  mortis  is 
not  80  (see  fig.  156,  p.  128),  The  contraction  of  living  muscle  is 
favoured  by  feeding  it  with  a  solution  of  dextrose,  while  the  process 
of  rigor  is  hindered  by  the  same  solution.     (F.  S.  Lee.) 

Our  rarrcct  knowledj^c  of  the  proteins  of  must-le  and  of  ttie  ptienomena  of  ri^or 
mortk  date  frotn  the  year  1364*  when  Kiihne  obtained  niuscle-pfaama  by  subjeotin|r 
frozen  frog*s  tou5t4e  to  strong  pressure*  A  good  many  years  later  I  was  sticeessmi 
111  repeating  these  cxperimen£s  with  mamraatian  muscle.  By  fractional  heat  coagula- 
tion, and  by  their  varying  solubilities  ia  neutral  salts»  I  was  able  to  sep^arate  four 
different  proteins  in  the  muscle-plasma* 

1,  A  globulin  precipi table  by  hetit  at  47"  C»  This  is  analogous  to  the  cell- 
globulin  found  in  tnmi  protopIii>»mie  structures,     t  gave  it  the  name  [taramifomnoff^tk. 

2,  A  proteid  with  many  of  the  characters  of  a  globuUn,  eoftgukble  by  heat  at 
SS""  C.  ;    and  this  I  termed  int/n^inofffn. 

3,  A  globulin  (mifo-ffiohHiiH),  precipitable  by  heat  at  63"  C. 

4>  An  albumin  similar  in  its  properties  to  serum  albumin  is  also  present ;  but 
this  and  the  myo-globulin  only  occur  in  quite  stnall  amounts. 

In  addition  to  these,  there  is  a  small  quantity  of  nuelel-protein  from  the  nuclei, 
and  in  the  n^d  muscles  hstmoglobin  is  present ;  the  normal  pigment  of  the  so-called 
pale  mu^selos  is  termed  m^o-fiimniUin  by  MacMunn,  and  this  is  doubtless  a  derivative 
of  haemoglobin. 

The  two  most  abundant  and  in^portant  proteins  are  the  first  two  in  the  list, 
namely,  paramv-oslnogen  atwi  myosinogen.  They  occur  in  the  proportion  of  aliout 
1  to  4,  and  both  enter  into  the  formation  of  the  muscle-ebt  (myosin).  The  myo- 
ffbbulin  Is  probably  derived  from  the  adherent  connective  tissue  and  the  albumin 
mm  adherent  blood  and  IjTunh. 

In  18&5  V.  Fiirth  took  up  the  subject.  On  the  main  question  we  are  in  substiintial 
agreement,  namely,  that  in  the  muscle-plasma  there  are  the  two  proteins  just  aUuded 
to,  and  that  these  both  contribute  to  the  formation  of  tlie  uiuscleK^lot,  The  main 
points  of  difFerenee  between  us  are  in  the  names  of  the  proteins*  He  uses  physio- 
logicat  saline  solution  to  extract  the  muj^cle-plasma,  and  this  extract  oofigulates 
spt>ntaneously  cm  standing ;  he  is  doubtfid  whether  a  speeific  myosin-ferment  brings 
about  the  change.  Paramyosinogen  he  terms  myttdn^  and  this  passes  directly  into 
the  clotted  condition  ;  but  myoskiogen,  <'alled  mt^o^fn  by  v.  Fiirth,  first  p^isses  into 
a  soluble  condition  (coagulable  by  heat  at  the  remarkably  low  temiieralure  of 
40°  C. )  ijefore  it  clots  :  the  soluble  stage  he  calls  sofuNf  mtf*y<f^n-fihrin  ;  a  better  name 
IB  toiuhUi  mjfomn. 

We  may  put  this  in  a  diagrammatic  way  as  follows  t — 

Proteins  of  the  living  musele. 


Pa  ram  y  osin  ogen* 


Myoslnogen. 
Soluble  myosin. 


J^yosfn 
(the  protein  of  the  Mu^cle^lot)* 
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V.  Ftirth  ajso  calls  attention  to  some  chAmcters  of  iii>  osinogen  which  separate 
it  tota  the  typicaJ  globulins  ;  «.^.,  it  is  not  preci  pi  table  hf  dialysing  Uie  salts  away 
&om  its  solutions.     It  raay  be  therefore  caUed  an  atifpiral  globulin. 

In  maniniaitao  muscle,  soluble  myosin  is  only  found  as  ii  stage  in  the  process 
of  fif^or  mortiir  but  in  the  muscles  of  the  frog  and  other  amphibia  it  is  present 
afi  such  In  the  livmg  muscle. 

The  muscie-plasma  from  fishes'  muscle  contains  another  protein  termed  m^&- 
pfoUin  by  r.  Filrth.     It  is  preci  pi  table  by  dialysis,  but  not  coagulable  by  heat, 

Broiile,  and  later,  Vernon,  did  some  interestinjc  experiments  on  \f^at  riijur. 
When  a  rauscJe  is  heated  above  a  certain  temperature  it  becomes  contracted  "and 
stiff,  loamg  its  irritability  completely.  This  is  due  to  the  coagulation  of  the  muscle 
pvoletns>  If  a  tracing-  is  taken  of  the  contraction,  it  is  found  to  occur  in  a  series  of 
Vtepo  ;  the  first  step  in  the  shortening  occurs  at  the  coa^ation  temperature  of  the 
p«mmyosit)ogen  (IT^-SO"  C),  and  if  the  heating  is  continued,  a  second  shorte&in^^ 
oceara  at  56"  C.,  the  coagulation  temperature  or  myosinogcn*  If,  however,  a  frog5^ 
mu9de  35  used,  there  are  three  steps,  namely,  at  40'  (coagulation  temperature  of 
soluble  myosin),  47"",  and  .>6\  This  work  of  Brodie's  is  especially  valuable  because 
it  teaches  us  that  the  proteins  in  muscle-phismaj  or  in  saline  extracts  of  muscle, 
are  present  also  in  the  actual  muscle-suostance^  He  also  made  clear  another 
important  point,  namely,  that  the  irritability  of  the  muscle  is  lost  after  the  ^rH 
step  in  the  shortening  has  oci^urred.  In  other  words »  in  order  to  destroy  the 
litality  of  muscular  tissue,  it  is  not  necessary  to  raise  the  temperature  sufficiently 
high  to  coaffuiate  ail  its  proteins,  but  that  when  one  of  the  muscular  proteins  has 
been  coagulated,  the  living  substance  as  such  is  destroyed  ;  the  proteins  of  muscle 
cannot  therefore  l)e  T^arded  as  independent  units;  the  unit  is  protoplasm,  and  if 
one  of  its  essential  constituents  Is  destroyed,  protoplasm  as  such  ceases  to  live, 

Haas  Prdbram  has  attempted  to  classify  the  animal  kingdom  on  the  basis  of 
the  muscle-protems ;  his  conclusions  are  based  on  the  examination  of  only  thirty 
species  of  animals,  and  may  require  revision  in  the  future,  but  such  as  they  are^  they 
are  as  follows  ; — 

Invertebrates  :  para-myosinogen  present ;  myosinogen  absent 

Vertebrates  t  para-myoflinogen  and  myosinogen  botli  present 

Fishes :  in  addition  to  these  two  principal  proteids,  soluble  myosin  and  myo- 

protein  (in  large  quantities}  occur* 
Amphibians :  like  Hshi^s,  except  that  myoprotein  is  only  present  in  traces. 
Reptiles,  birds,  TiiamniaLs :  myoprotein  is  absent,  and  soluble  myosin  is  only 

present  when  ri^or  mortb  commences, 
Steyrer  has  recently  stated  that  on  prolonged  tetinisation  (in  rabbit>*  muscle) 
the  amount  of  paramyosinogen  diminishes,  but  when  degeneration  occurs  after  the 
motor  nerves  are  cut,  the  amount  of  this  protein  increases.  Such  results  must 
however,  be  accepted  with  caution  until  more  satisfactory  methods  than  those  at 
ptcaeot  lu  use  are  adopted  for  the  estimation  of  the  muscle-protei  ns. 


CHAPTER  XIV 


COMPARISON   OF  YOLUNTART  AND   INVOLUNTART   MDSClS 


The  main  dififereiice  batween  voloiitary  and  involuntary  muscle  is  tlie 
difference  expressed  in  their  names.  Voluntary  muscle  is  under  the 
control  of  that  portion  of  the  oentral  nervous  system  the  activity  of 
which  is  accompanied  by  volition.  Involuntary  muscle,  on  the  other 
hand,  is,  as  a  rule,  also  under  the  control  of  the  central  nervous 
system,  but  of  a  portion  of  the  central  nervous  system  the  activity 
of  which  is  independent  of  volition.  There  appear,  however,  to  be 
exceptions  to  this  rule,  and  the  involuntary  muscle  executes  its  con* 
tractions  independently  of  nervous  control;  that  is  to  say,  it  is 
Bometimee  in  the  truest  sense  of  the  term  really  involuntary.  This 
is  very  markedly  seen  in  the  developing  heart  of  the  embryo,  which 
begins  to  beat  before  any  nerve-fibres  nave  grown  into  it  from  the 
central  nervous  system. 

Another  characteristic  of  involuntary  muscle  is  a  tendency  to 
regular  alternate  periods  of  rest  and  activity,  or  rhythmicalUy.  This 
is  best  exemplified  in  the  heart,  but  it  is  also  seen  in  the  lymphatic 
vessels,  especially  the  lymph  hearts  of  the  frog,  and  the  mesenteric 
lymphatic  vessels  (lacteals)  of  many  animals.  It  is  seen  in  the 
veins  of  the  bat's  wing,  and  in  the  muscular  tissue  of  the  spleen, 
stomach,  intestine,  bladder,  and  other  parts. 

A  third  characteristic  of  involuntary  muscle  is  jperistaMs,  If 
any  point  of  a  tube  of  Bmooth  muscle  such  as  the  small  intestine  is 
stimulated^  a  ring-like  constriction  is  produced  at  this  point.  After 
lasting  some  time  at  this  spot  it  slowly  passes  along  the  tube  at  the 
rate  of  20  to  30  milHmetres  per  second.  This  advancing  peristaltic 
wave  normally  takes  place  in  only  one  direction,  and  so  serves  to 
drive  on  the  contents  of  the  tuba 

Involuntary  muscle  nearly  always  contains  numerous  plexuses  of 
non-medullated  nerve-fibres  with  ganglion  cells;  so  that  much  dis- 
cussion has  taken  place  on  the  question  whetber  the  phenomena  of 
rhythmic ality  and  peristalsis  are  properties  of  the  muscular  tissue 
itself  or  of  the  nerves  mixed  with  it     The  evidence  available  (namely, 
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often  a  rapid  rate  ot  stimnlalioa  eaOa  forth  kes  rapidlj  oocuning 
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A  alimidiis  rtrong  enoi^  to  pndiioe  a  GODtrae^oti  in  the  heart 
^Udls  a  loaxiiDimi  oonferactaiMi  ("all  or  nothing'*  Waller);  Ihaphaud^ 
meiioii  kmmn  m  the  ilamiuf  (seo  p^  117)  is  gemraUT  hotter  miikid 
In  the  case  of  the  heart  ihan  in  thai  of  voluntaij  mu^la 

The  contractdoD  of  smooth  muscle  is  eo  alu^ish  that  the  varioiAt 
atages  of  latent  period,  fihorteniug  and  lelaxatioHi  can  be  fallowed 
with  the  eye;  the  latent  poriod  often  exceeds  half  a  ieootid  in 
duration*     It  does  not  obey  the  " all  or  nothing**  law. 

The  normal  con  traction  of  voluntary  muscle  is  a  kind  of  tetanui 
(see  p.  121) ;  the  normal  contraction  of  cardiac  and  plain  muaole 
is  a  much  prolonged  dngie  contraction,  A  irery  Tainable  pieoe 
of  evidence  in  this  direction  is  ^en  in  the  experiniont  on  the  netirt 
with  the  physiological  rheosoope  (see  p,  145).  Eanh  Liuio  ilio 
heart  contracts  the  rheoscopic  preparation  exocutca  a  uinglo  tvvitt^h, 
not  a  tetanus.  This  is  an  indication  that  tlm  eloc^trical  ^luin^n  m  a 
single  one,  and  not  a  succession  of  changes  such  m  oneurH  in  totiitiun. 

When  this  electrical  cbango  ia  eraiuined  with  the  cUKitrouuittn; 
it  is  seen  that  it  is  a  diphasic  one  as  in  volunlarv  uitmelu ;  hut  ia  a 
ilowly  contracting  tissue  like  the  heart^mnsclc  tho  twt)  phiiaoii  arn 
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separated  by  a  prolonged  period  of  equipotentiality,  and  thus  they 
are  rendered  more  distinct  The  iUustrations  akeady  given  (figs. 
167  and  168)  show  this  fact  graphically. 

When  the  heart  is  beating  filugvishly  in  the  rheoscopic  experiment  above 
referred  to,  the  separation  of  the  two  phases  of  the  electrieal  t'bange  will  sometimes 
cause  two  twitches  in  the  rausde-nerre  preparation,  Ilayliss  and  Starling  describe 
the  ventricular  contraction  of  the  mammatian  heart  ns  being  accompanied  by  a 
triphasic  electrical  variation  ;  this  is  due  to  the  contract  Ion  at  the  base  out  lasting 
that  at  the  apex ;  if,  therefore,  tjaae  and  apex  are  led  off  to  the  electrometer,  the 
first  pha.se  is  due  to  increa,sed  po&itivity  at  the  base,  the  second  to  that  at  the  apex ; 
this  quickly  subsides,  but  the  increased  positivity  at  the  base  which  still  continues 
accounts  for  the  third  excursion  of  the  mercury. 

But  though  involuntary  mugcle  cannot  be  thrown  into  tetanus, 
it  has  the  property  of  entering  into  a  condition  of  anstained  contrac- 
tion called  tonus.  We  ahall  have  to  consider  this  question  again  in 
connection  with  the  plain  muscular  tissue  of  the  arterioles. 

Involuntary  muscle  when  it  contracts  undergoes  thermal  and 
chemical  changes  similar  to  those  we  have  dealt  with  in  the  case  of 
the  voluntary  muscles. 

Involuntary  muscle  is  usually  supplied  with  two  sets  of  nerves, 
one  of  which  (accelerator)  increases  and  the  other  of  which  (inhihitoryj 
decreases  its  activity*  The  nerve-endings  in  involuntary  muscle 
require  a  much  larger  dose  of  curare  to  affect  them  than  the  end- 
plates  in  voluntary  muscle. 

The  phenomena  of  rigor  mortis  in  involuntary  muscle  have  noli 
been  so  fully  studied  as  in  the  case  of  voluntary  muscle.  It  has, 
however,  been  shown  tliat  the  chemical  composition  of  involuntary 
muscle  differs  in  no  noteworthy  manner  from  that  of  voluntary  muscle, 
and  on  death  the  muscle  becomes  aeid ;  such  products  as  carbonic 
acid  and  sarco-lactic  acid  are  formed.  In  the  heart,  stomach,  uterus, 
and  rectum,  post-mGrtmi  rigidity  has  been  noted,  and  it  probably 
occurs  in  all  varieties  of  plain  muscle. 

Swale  Vincent  has  shown  that  the  characteristic  proteins  (pantmyosinogen  and 
myostnogen)  occur  in  both  striped  and  unstripcd  nniscle,  and  the  he?it  rigor  curves 
of  involuntary  muscle  are  practicaUy  identical  with  those  obtained  by  Brmhe  (see 
p.  \bl).  He  is  ineUned  to  think  that  the  two  proteins  are  formed  by  the  breaking 
down  of  a  compound  protein  which  in  living  muscle  mainly  coagulates  at  47"  C, 
This  view  is  taken  by  Stewart  in  reference  to  striped  muscle  also,  but  ha.^  been 
very  seriously  questioned  by  v,  Filrth.  The  most  striking  chemical  difference 
t^tweeo  unstriped  and  atrtped  muscle  is  seen  in  the  amount  of  nucleo-protein  which 
they  contain.  Plain  muscle  contains  six  to  eight  times  the  amount  found  in 
voluntary  muscle ;  cardiac  muscle  contains  an  intermediate  quantity. 


CHAPTER  XY 


PmSIOW)GY   OF  NEEVK 


Maky  points  relating  to  the  physiology  of  nerve  have  been  already 
Btudied  in  connection  with  muscle.  But  there  still  remain  further 
questions  upon  which  we  have  hardly  touched  as  yet 


Classlflcatian  of  Nerves, 

The  nerve-fibres  which  form  the  conducting  portions  of  the 
nervous  system  may  be  classified  into  i;hree  main  groups,  according 
'  to  tlie  direction  in  which   they  normally  conduct  nerve  impulses. 
These  three  classes  are : — 

1.  Efferent  nerve-fibres, 

2.  Afferent  nerve-fibres* 

3.  Inter-central  nerve- fibres, 

1.  Efferent  or  cmtrifugal  nerves  are  those  which  conduct  im- 
pulses from  the  centiral  nervous  system  (brain  and  spinal  cord)  to 
o^er  parts  of  the  body*  When,  for  instance,  there  is  a  wish  to  move 
the  hand^  the  impulse  starts  in  the  brain,  and  travels  a  certain 
distance  down  the  spinal  cord ;  it  leaves  the  spinal  cord  by  one  or 
more  of  the  spinal  nerves,  and  so  reaches  the  muscles  of  the  hand 
which  are  thrown  into  contraction.  Such  nerves  are  called  motor, 
but  all  efferent  nerves  are  not  motor ;  some  cause  secretion  instead 
of  movement,  and  others  may  cause  a  stoppage  of  movement,  etc*  A 
list  of  the  classes  of  efferent  nerves  is  as  follows ; — 

a.  Motor. 
&,  Accelerator. 
e»  Inhibitory* 
d.  Secretory. 
«.  Electrical. 
/  Trophic. 

Motor  nerves*    Some  of  these  go  to  voluntary  muscles ;  others 
to  involuntary  muscles,  such  as  the  vaso-motor  nerves  which 
supply  the  muscular  tissue  in  the  walls  of  arteries, 
'"^  L 
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k  AccderatoT  nerves  are  those  which  produce  an  increase  in  tho 
rate  of  rhythmical  action.  An  instance  of  these  is  seen  in 
the  sympathetic  nerves  that  supply  the  heart. 

c.  InhihUory  nerves  are  those  which  cause  a  slowing  in  the  rate 
of  rhythmical  actioBp  or  it  may  be  its  complete  cessation. 
Inliibitory  nerves  are  found  supplying  many  kinds  of 
involuntary  muscle;  a  very  typical  instance  is  found  in 
the  inhibitory  fibres  of  the  heart  which  are  contained  within 
the  trunk  of  the  vagus  nerve.* 

rf.  Secretory  nerves  are  found  supplying  many  secreting  glands, 
suoh  as  the  salivary  glands,  gastric  glands,  and  sweat 
glands.  The  impulse  which  travels  down  a  secretory  nerve 
stimulates  secretion  in  the  gland  it  supplies. 

d.  Ekctrkal  nerves  are  found  in  the  few  fishes  which  possess 
electrical  organs.  The  impulse  which  travels  down  these 
nerves  causes  the  electrical  organ  to  be  thrown  into 
activity. 

/  Trophic  nerves  are  those  which  control  the  nutrition  of  the 

part  they  supply, 
2.  Afferent  or  cmitripetal  nerves  are  those  which  conduct 
impulses  in  the  reverse  direction,  namely,  from  all  parts  of  the 
body  to  the  central  nervous  system.  When  one  feels  pain  m  the 
finger,  the  nerves  of  the  finger  are  stimulated,  an  hupulse  travels 
up  the  nerves  to  the  spinal  cord,  and  then  to  the  brain.  The  mental 
process  set  up  in  the  brain  is  called  a  sensation ;  the  sensation,  how- 
ever, is  roforrod  to  the  end  of  the  nerve  where  the  impulse  started, 
and  the  sensation  of  pain  does  not  appear  to  occur  in  the  brain,  but 
in  the  finger.  This  is  an  instance  of  a  sensory  nerve ;  and  the  terms 
afferent  and  sensory  may  often  be  used  synonymously.  The  nerves 
of  sensation  may  be  groitped  as  follows : — 

a.  The  nerves  of  special  sense ;  such  as,  of  sight,  hearing,  taste, 

smell,  and  touch, 
h  The  nerves  of  general  sensibility ;  that  is,  of  a  vague  kind  of 
sensation  not  referable  to  any  of  the  special  senses ;  as  an 
instance,  we  may  take  the  vague  feelings  of  comfort  or 
discomfort  in  the  interior  of  the  body, 
p.  Nerves  of  pain.  It  is  a  moot  point  whether  these  are  anatomi- 
cally distinct  from  the  others,  but  there  is  some  evidence 
that  this  is  the  case  (see  more  fully  Gbapter  LIT.). 

The  words  "sensory"  and  "afferent,*'  however,  are  not  quite 
synonymous.     Just  as  we  may  have  efferent  impulses  leaving  the 

*  The  question  hns  been  much  debated  whether  voluntary  muscle  is  provided 
with  inhibitor  J  nerves ;  tliey  do,  tiowever,  appeur  to  be  present  in  certiiin  nerves 
supplying  the  muscles  of  the  claws  of  lobsters  und  similar  crusUc^ns. 
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brain  for  the  heart  or  blood-vesBels  of  which  we  have  no  con- 
scious knowledge,  so  also  afferent  impulses  may  travel  to  the 
central  nervous  system  which  excite  no  conscious  feelings.  The 
afferent  nerve- tracts  to  the  eerebellnm  form  a  very  good  instance  of 
these. 

Then,  too,  the  excitation  of  many  afferent  nerves  will  excite  what 
are  called  reflex  actions.  We  are  ybtj  often  conscious  of  the  sensa- 
tions that  form  the  cause  of  a  reflex  action,  but  we  do  not  necessarily 
have  such  sensations.  Many  reflex  actions,  for  instance,  occur  during 
,  Bleep ;  many  may  be  executed  by  the  spinal  cord  eveu  after  it  has 
been  severed  from  the  brain,  and  so  the  brain  cannot  be  aware  of 
what  is  occurring. 

A  refiex  action  is  an  action  which  is  the  result  of  an  afferent 
impulse.  Thus  a  speck  of  dust  falls  into  the  eye,  and  causes  move- 
ments of  the  eyelids  to  get  rid  of  the  offending  object.  The  dust 
excites  the  sensory  nerve-endings  in  the  conjunctiva,  an  Lmpnlse 
travels  to  the  centre  of  this  nerve  in  the  brain,  and  from  the  brain 
a  reflected  impulse  travels  to  the  muscles  of  the  eyelid.  As  an 
instance  of  a  reflex  action  in  which  secretion  is  concerned,  take  the 
watering  of  the  mouth  which  occurs  when  food  is  seen  or  smelt.  The 
nerves  of  sight  or  smell  convey  an  afferent  impulse  to  the  brain, 
which  reflects,  down  the  secretory  nerves,  an  impulse  wliich  excites 
the  salivary  glands  to  activity. 

These,  however,  arc  instances  of  reflex  action  which  are  accom- 
panied with  conscious  sensation,  but  like  all  pure  reflex  actions  are 
not  under  the  control  of  the  will. 

An  instance  of  a  reflex  action  not  accompanied  with  consciousness 
is  seen  in  a  man  with  his  spinal  cord  cut  across  or  crushed,  so  that 
any  communication  between  his  brain  and  his  legs  is  impossible. 
He  cannot  move  hia  legs  voluntarily,  and  is  unconscious  of  any 
feelings  in  them.  Yet  when  the  soles  of  his  feet  are  tickled  he  draws 
his  legs  up,  the  centre  of  reflex  action  being  in  the  grey  matter  of 
the  lower  region  of  the  spinal  cord. 

For  a  reflex  action,  three  things  are  necessary :  (1)  an  afferent 
nerve,  (2)  a  nerve-ceutre  consisting  of  nerve^cells  to  receive  the 
afferent  impulse  and  send  out  an  efferent  impulse,  and  (3)  an 
efferent  nerve  along  which  the  efferent  impulse  may  travel  If  the 
reflex  action  is  a  movement,  tJie  afferent  nerve  is  called  ^aocUo-mctor  ; 
if  it  is  a  secretion,  the  afferent  nerve  is  called  exciiO'SecreioTy ;  and 
similarly,  afferent  nerves  may  also  be  excito-mederator,  excUo-inhihitory, 
etc. 

3,  Intercentral  nerve-fibres  are  those  which  connect  nerve- 
centres  together ;  they  connect  different  parts  of  brain,  and  of  the 
cord  to  one  another,  and  we  shall  find  in  our  study  of  the  nerve- 
centxes  that  they  are  complex  in  their  arrangement. 
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Investigation  of  the  Functions  of  a  Nerve. 

There  are  always  two  main  experiments  by  which  the  function 
of  a  nerve  may  be  ascertained.  The  first  is  section,  the  second  is 
sHmulatiQU. 

Secti&n  consists  in  cutting  the  nerre  and  observing  the  loss  of 
function  that  ensues.  Thus,  if  a  motor  nerve  is  cut,  motion  of  the 
muscles  it  supplies  can  no  longer  be  produced  by  activity  of  the 
nerve-centre ;  the  muscle  is  paralysed.  If  a  senaorj  nerve  is  cut, 
the  reaidt  is  losa  of  sensation  in  the  part  it  comes  from, 

Stimtdation  of  the  cut  nerve  is  the  opposite  experiment.  When 
a  nerve  is  cut  across,  one  piece  of  it  is  still  connected  with  the  brain 
or  spinal  cord ;  this  is  called  the  central  end ;  the  other  piece,  called 
the  periphercU  end,  is  still  connected  with  some  peripheral  part  of 
the  body.  Both  the  central  and  the  peripheral  end  should  be  stimu- 
lated ;  this  is  usually  done  by  means  of  induction  shocks.  In  the 
case  of  a  motyor  nerve,  stimulation  of  the  central  end  produces  no 
result;  stimulation  of  the  peripheral  end  produces  a  nervous  impulse 
which  excites  the  muscles  to  contract.  In  the  case  of  a  sensory 
nerve,  stimidation  of  the  peripheral  end  has  no  result,  but  stimula- 
tion of  the  central  end  causes  a  sensation,  usually  a  painful  one,  and 
reflex  actions,  which  are  the  result  of  the  sensation. 

When  a  nerve  is  cut  across,  there  are  other  results  than  the  lose 
of  function  just  mentioned;  for  even  though  the  nen^e  is  stiU  left 
within  the  body  with  a  normal  supply  of  blood,  it  becomes  less  and 
less  irritable,  till  at  last  it  ceases  to  respond  to  stimnh  altogether, 
This  diminution  of  excitability  starts  from  the  point  of  section  and 
travels  to  the  periphery,  but  is  temporarily  preceded  by  a  wave  of 
increased  excitability  travelling  in  the  same  diregtion  (Eitter-VaJli 
law). 

This  loss  of  excitability  of  nerve  is  accompanied  with  degenera- 
tive changes  which  are  of  so  great  importance  as  to  demand  a  separate 
aection. 

Degeneration  of  Kerve, 

Suppose  a  nerve  is  cut  right  across,  the  piece  of  the  nerve  left  in 
connection  with  the  brain  or  spinal  cord  remains  healthy  both  in 
structure  and  functions ;  but  the  peripheral  piece  of  the  nerve  loses 
its  functions  and  undergoes  what  is  generally  called,  after  the  dis- 
coverer of  the  procesSi  Wallerian  degeneration.  A  nerve  is  made  up 
of  n^vo-fibres,  and  each  nerve -fibre  is  essentially  a  branch  of  a  nerve- 
when  the  nerve  is  cut,  tlie  axis  cylinders  in  the  peripheral 
1  are  separated  from  the  cells  of  which  they  are  branches  and 
\uch  they  have  grown.  These  separated  portions  of  the  axis 
%  die,  and  the  medullary  sheath  of  each  undergoes  a  gradual 
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process  of  disintegration  into  droplets  of  myelin,  which  are  ultimately 
absorbed  and  removed  by  the  lymphatics.  At  the  same  time  there  is 
&  multiplication  of  the  nuclei  of  the  primitive  sheath.  This  degenera- 
tive process  commences  two  or  tkree  days  after  the  section  has  been 
mada  Tn  the  case  of  the  non*madullated  fibres,  there  is  no  medullary 
aheaih  to  exhibit  the  disintegrative  changes  Just  aUuded  to;  and  the 
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Fl***  WL— Deg«n*»ticio  and  tegeuemtitjn  of  nurve-tlbnta,  *,  nervf-iibns,  ttfty  hours  nflflr  opemticMi 
•If,  fdCHifilJAry  Aheath  bnmklng  up  Into  myelJD  drops,  p,  ^nuiilat  tirotoplaam  ropkaciug  mydliu 
«^  ntiekott.  17^  primitive  eh^th^  n,  Dsire-llbre  lifter  four  day n.  t\t,  %iL\fk  i^ylinder  partly  btolran  ' 
up  uul  SBckmed  In  portlonM  of  myelin^  c^  a  more  tdviknced  Bt«gT^  In  whi^h  th«  ttmrJuJlary  aheiitfi 
hkm  aJjaotpt  dkappn&tuiL  Nanieroitii  tiuclftl,  ii^»  are  siku.  d,  corumencing  n!generaUoQ  ;  •if'vt^rBl 
JlWwC^'rl^)  hivft  ]iprout«d  fpoin  tlie  domewlmt  bulbtitus  cut  end  {h)  dF  the  uerve-QbULn  a,  vnmdH 
erUodsr  which  has  not  yet  HCquiiwi  Us  niedqlko'  ^hemth^  »,  «%  iiHniltlvo  ifhuath  of  IIlk  orlgliia] 
flbfi.    CBimWerO 

nuclei  of  the  sheath  do  not  multiply;  there  is  simply  death  of  the 
axis  cylinder.  The  degeneration  occurs  simultaneously  throughout 
the  whole  extent  of  the  nerve;  it  does  not  start  from  the  section  and 
travel  to  the  periphery,  Rativier*s  original  diagram  is  reproduced  in 
fig,  181,  Figs,  182  and  183  are  photo -micrographs  from  actual 
specimens. 

A  great  amount  of  atterition  has  been  directed  to  this  process  of 
degeneration,  because  it  has  formed  a  valuable  method  of  research  in 
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tracing  nervous  tracts,  and  ascertaming  the  nerve-cells  from  which 
tho7  originate.  It  must  not,  however,  he  regarded  as  an  isolated 
phenomenon  in  physiology;  it  is  only  an  illustratirm  of  the  universal 


Vm.  18!L— Ksnfi-abrM  from  aci&tlc  uctrve  of  c*t,  four  days  mflsr  the  ftarve  Und  be«P  cnt.    This  qbovp  ftA 
mrlj  KUgv  of  the  d^euentlTfl  pToooa.    «00  (liiimeters.    (Mott  ivtid  HalllljiirttJti.) 

truth  that  any  portion  of  a  cell  (in  this  case  the  axis  cylinder  process) 
cut  off  from  the  nucleus  of  the  cell  degenerates  and  dies. 

If  a  nerve  is  simply  cut,  and  aUowed  to  heal,  regeneration  of 
function  in  time  occurs.  This  is  hastened  by  the  surgeon  suturing 
the  cut  ends  of  the  nerve  together.  It  must  not^  however,  he  supposed 
that  tliis  is  due  to  a  restoration  of  the  structure  of  the  fibres  in  the 
peripheral  portion  of  the  cut  nerve.  It  is  due  to  very  fine  new 
nerve-fibres  sprouting  out  from  the  central  end  of  the  cub  nerve,  and 
growing  distal  wards.     This  is  illustrated  in  D,  fig.   181.      When 


Fig.  1  S3.— These  j^re  tibrea  from  thi^  lu^tAtic  uerve  or  mtioUter  cmtt  teu  dmya  aft^T  thp  n^rve  had  b^fin  cm. 
TUU  ibow^i  tlin  biieakiRg'Up  of  bbo  medullaij  sbettth  in  a  iDaTked  way,  and  tho  inteofo  black  colour 
ita«  myelin  dropkUi  tak«  with  ottnli^  tJCld.    600  dlain«t«n.    (Vott  ftnd  Hdll burton.) 

regeneration  does  not  take  place*  the  central  ends  of  the  cut  fibres 
and  the  cells  frouj  which  they  originate  undergo  slow  atrophic 
changes  {disuse  atr&phy). 

The  view  expressed  by  the  earUer  workers  on  nerve  regeneratioiL 
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th&t  the  new  fibres  grow  from  the  central  stiuop  of  the  cut  nerres 
baa  been  reeentlj  quea- 
tiooecL  Some  believe  that 
reganeratiot]  may  ocetir  in 
the  peripheral  strticturea. 
It  certainly  is  the  case  that 
the  neurilemmal  cells  ex- 
hi  bit  a  great  deal  of  activity ; 
they  multiply  (fig.  184) ;  at 
later  st^e  they  exhibit  a 
phagocytic  action  in  the 
removal  of  the  degenerated 
fat  (fig.  185);  and  later 
stiH  they  become  elongated 
ami  sptndle*shaped ;  they 
then  join  together  as 
thrmgh  they  were  form- 
ing new  nerve-fibres  (fig. 
186>  But  the  elongat- 
ing and  contiguous  cells 
are  really  only  forming 
a  new  sheatli  or  basis  into 
which  the  axis  cyhnder 
ultimately  grows.  Howell  and  Huber,  who  have  recently  investi 
gated  this  question,  have  arrived  at  the  conclusion  that  the  peri 
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diamotefi*.    (Jluvt  nud  liftiUUirUiii.) 


I'm.    186.— Ls*(|fSD«nitod    r»  ;.    day^ 

n*HJlk*miTi*llOii!lB^7>fi|j.   ,  \.[<;rytt^ 

tpom  iher  i^tfTim  ciAit&in  viilhiu  lU^Ui  Ulty  par- 
tlGlea  which  stain  b]^u:k  wit;h  o»mic  acnd.  Tht^y 
un  doi]bt)eAHac!tivn  in  removjng  the  iicjrQnDrjiU24 


Fto»  1  WO*— nBgotirtr*tfMl  rut VI  foiivPmtr  iJ*jfn 
flflrf  «ccLlori,  Thf"  ^  lon.iui'jti  of  tb« 
QfiEitHteiiinml  cuMft  t<J  f^jrm  what  Jor^k  Uko 

(MoUi-ihd  U fell S burton.) 


plietal  structures  are  active  in   preparing  the  scaffoldings  but  that 
the  axis   cylinder,  the  essential   portion  of  a  nerve-fihre,  has   an 
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,^  where  it  terminates  by 
d  tN  fp^y  matter ;  the  other 
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process  grows  outwards  to  the  periphery.  In  the  adult  mammal 
(not  in  fishes)  the  two  proceases  coalesce  in  the  first  part  of  their 
course,  forming  a  T-shaped  junction. 

The  first  experiments  on  the  functionB  of  the  spinal  nerve-roots 
were  performed  in  this  country  by  Sir  Charles  Bell  (1811),  and  in 
France  by  Magondie  (1822).  These  observers  found  that  on  section 
of  the  anterior  roots  there  resulted  paralysis  of  the  muscles  supplied 
by  the  nerves;  on  section  of  the  posterior  roots  there  was  loss  of 
sensation.  These  experiments  clearly  pointed  to  the  conclusion  that 
the  anterior  roots  contain  the  efferent  (motor)  fibres;  and  the 
posterior  roots  the  afferent  (sensory)  fibres.  This  conclusion  was 
confirmed  by  the  experiment  of  stimulation.  Stimulation  of  the 
peripheral  end  of  the  cut  anterior  root  caused  muscular  movement; 
of  the  central  end,  no  effect.    Stimulation  of  the  central  end  of  the 

tout  posterior  root  caused  pain  and 
reflex  movements;  of  the  peripheral 
end,  no  effect. 

EicuTTini  sensibUiiy. — One  of  the 
statements  just  made  requires  a  slight 
modification;  namely,  excitation  of 
the  peripheral  end  of  a  divided  an- 
terior root  will  evoke  pain  and  reflex 
movementSp  as  well  as  direct  move- 
ments; that  is  to  say,  the  anterior 
root,  though  composed  mainly  of 
motor  fibreSj  contains  a  few  sensory 
fibres  coming  probably  from  the  mem- 
branes of  the  spinal  cord,  and  then 
running  into  the  posterior  root  with 

the  rest  of  the  sensory  fibres.  They  of  ten,  however,  run  down  the 
mixed  nerve  a  considerable  distance  before  returning  to  the  posterior 
roots. 

The  diagram  on  this  page  (fig.  188)  illustrates  the  course  of  one  of 
these  recurrent  fibres  (r) ;  the  arrows  represent  the  direction  in  which 
it  conveys  impulses. 

Degeneration  of  roots. — The  facts  in  connection  with  this  subject 
were  made  out  by  Waller  (1860),  and  may  be  best  understood  by 
referring  to  the  next  diagram  (fig.  189). 

A  represents  a  section  of  the  mixed  nerve  beyond  the  union  of 
the  roots ;  the  whole  nerve  beyond  the  section  degenerates,  and  is 
shaded  black. 

B  represents  the  result  of  section  of  the  anterior  root ;  only  the 
anterior  root-fibres  d^enerate;  the  sensory  fibres  of  the  posterior 
root  remain  intact.  The  small  medu Hated  nerve- fibres  (not  shown  in 
the  diagram)  also  degenerate  as  far  as  the  ganglion  ceUs  of   the 
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BTrnpathetic  system  with  which  thsj  coinnmnicate.     The  recurrent 

seDsory  fibres  in  this  root  do  not 
degenerate  with  the  others^  but 
are  found  degenerate*!  in  the 
part  of  the  anterior  root  at- 
tached to  the  spinal  cord. 

Section  of  the  posterior  root 
always  produces  the  same  phy- 
siological effect  (loss  of  sensa- 
tion)* wherever  the  section  is 
made,  but  the  degeneration  effect 
is  different  according  as  the  sec- 
tion is  made  on  the  proximal  or 
distal  side  of  the  ganglion.  If 
the  section  is  made  beyond  the 
ganglion,  the  degeneration  occurs 
as  shown  iu  C  beyond  the  sec- 
tion in  the  peripheral  portion  of 

the  posterior  root-fibres ;  the  anterior  root  remains  intact  except  for 

the  recurrent  sensory  fibres  which  it  con- 
tains.    If  the  section   is   made   as   in   D, 

between  the  ganglion  and  the  cord,  the  only 

piece  that  degenerates  is  the  piece  severed 

from    the   ganghon    and  running  into   the 

cord;  these  fibres  may  be  traced  up  in  the 

posterior   column  of   the  spinal  cord  until 

they  terminate  in  grey  matter,  which  they 

do  at  different  levels.     The  whole  of   the 

sensory  fibres  including  the  recurrent  ones 

which   are   atill   attached   to  the  ganglion 

remain  histologically  healthy. 

The  accompanjdng  figure  (fig.  190)  is  one 

of   the    original   illustrations   made   by   Dr 

Waller,  and   I  am  indebted  to  the  present 

Dr  Waller  for  permission  to  reproduce  it. 
These   facts  of    degeneration   teach    us, 

what  we  also  learn  from  the  study  of  em- 
bryology, that  the  nerve-fibres  of  the  an* 

terior  root  are  connected  to  the  nerve -cells 

within  the  spinal  cord,  while  tlie  posterior 

root- fibres  are  connected  to  the  cells  of  the 

spinal  gangha ;  or,  to  put  it  another  way,  tlie  trophic  centres  wliich 


Fjii,  U*0. — Orouita  of  fibred  tt*mt 
the  ikfiUi<riGt  Oriid  fiodierior 
ruula  govefitl  dayn  nftffr  ««i' 
lion  of  lx3th  nxiUdoBc  to  tlie 
cord ;  the  mnt«rior  flhivt  4T« 
ilegf]iimr&ti?!r1 ;  thfi  fXriitehar, 
belli ic  still  In  c4nin(M7tioti  wltli 
tha  ncrvB-cells  frotn  whtcli 
thsy  grew,  Rm  noruiml, 


*  In  order  to  oblAin  any  iipprecirthlc  losii  of  motion  or  ^ensHtian,  it  Is  nt'eessary 
to  dlride  seTomL  roots  (anterior  or  posterior  as  the  case  miiy  be),  as  there  is  a  good 
deal  of  overlapping  in  the  peripKeriil  distribution  of  the  fibres. 
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control  the  nutrition  of  the  fibres  are  situated  within  the  cord  for  the 
anterior  roota,  and  within  the  spinal  ganglia  for  the  posterior  roots. 

Changes  in  a  Nerre  during  Activity, 

When  a  nerve  ia  stimulated,  the  change  j^roduced  in  it  is  called  a 
nervous  impulse ;  this  change  travels  along  the  nerve,  and  the  pro- 
pagation of  some  change  is  evident  from  the  effects  which  follow: 
sensation,  movement,  secretion,  etc. ;  but  in  the  nerve  itself  very  little 
change  can  be  detected.  There  is  no  change  in  form ;  the  most  deli- 
cate thermo-piles  have  failed  to  detect  any  production  of  heat,  and 
we  are  almost  completely  ignorant  of  any  chemical  changes.  The 
only  alteration  which  can  be  readily  detected  as  evidence  of  this 
molecidar  change  in  a  nerve  is  the  electrical  one.  Healthy  nerve  is 
iso-electric,  but  during  the  passage  of  a  nervous  impulse  along  it 
there  is  a  very  rapid  diphasic  variation,  which  travels  at  the  same 
rate  as  the  nervous  impulse.  This  is  similar  to  the  diphasic  change 
in  muscle,  and  can  be  detected  and  measured  in  the  same  way. 

Waller  regard k  the  current  of  action  of  any  C3s citable  tissue  as  an  index  at"  the 
magnitude  of  nftion,  and  records  tJie  movement  of  the  galvanonu^terb}^  photogfapli- 
in^  the  excursion  of  the  spot  of  light  on  a  moving-  photographic  plate  He  has  in 
this  way  obt^iined  records  from  muscle,  nerye,  retina*  skin,  plant  tissues,  etc.  He 
poinU  out  that  the  only  available  kidex  of  action  within  the  nerve  itself  is  the 
electrical  sign  of  activity,  whereits  in  muscle  the  Tncchanical  action  can  l>e  compared 
with  its  act^ompanying  electrical  chan^^^s.  The  amount  of  contrarti<m  in  a  mujfck 
caused  by  excitation  of  its  nerve  is  omy  a  very  rough,  or  eien  a  faIhiciou?i,  indica- 
tion of  the  esicitability  t>fthi^  nt^n^e^  l>ecause  the  nerve  is  connected  to  the  muscle  by 
motor  end-plates,  and  these,  as  we  have  already  seen*  are  fatigued  long  before  the 
nerve  shows  any  siffu  of  fatig^ue. 

Using  this  method.  Waller  has  obtained  a  number  of  intcr^tiiu?  results  on  the 
variation  in  nerve  action  produced  by  drugs  and  other  agents*  He  tinds  that  the 
effect  of  carbonic  acid  is  to  cause  a  diminution,  and  finally  disappeanvnce  of  the 
galvanonietric  response  ;  when  this  gas  is  replaced  by  air  the  nerve  recovers,  and  the 
action-currents  int^rease.  Etlier  acts  similarly  ;  but  with  chloroform  recovery  Is 
difficult  to  obtain.  Small  doses  of  carbonic  acid  increase  Llie  action -currents,  and 
Waller  considers  that  the  staircase  effect  in  muscle  (p*  117J,  and  the  similar  progres- 
sive increase  noted  in  the  actionH^-urrents  of  nerve  a*i  the  result  of  repeated  stimula- 
tion are  due  tn  the  evolution  of  this  gas  during  activity* 

This  hypothesis  has  been  recently  confirmed  by  Ba*yer  and  Friihlich.  They 
have  shown  that  peripheral  nerves  participate  in  respiratory  exchanges,  using  up 
ox^^n  and  producing  carbonic  acid  in  measurable  amounts.  In  the  absence  of 
oxygen  1  stimidation  ceases  after  some  hours  to  evoke  the  activity  of  a  nerve,  but 
on  re-af! mission  of  the  gas  recovery  is  almost  instantaneous.  The  store  of  oxy^n 
so  obtained  will  again  keep  up  nervous  activity  for  a  considerable  time  eveo 
although  no  fresh  oxvgen  is  supplied.  This  illustrates  the  great  power  nerve  has 
in  repairing  itself  and  in  storing  oxygen. 

Ttxcre  can  be  no  dotibt  that  the  existence  of  the  electrical  variation  is  as  a  rule 
the  index  of  the  excitatory  alteration  in  a  nerve.  But  in  the  present  state  of  our 
knowledge  we  arc  not  justified  in  assuming  that  it  gives  an  absolutely  faithful 
re(*ord.  The  electrical  variation  can  be  detected  in  a  nerve  for  niatiy  days  after  its 
removal  from  the  body.  Although  the  electrical  change  is  a  concomitant  of  tbe 
reiil  excitatory  process,  the  former  may  be  therefore  perceptible  when  other  evidence 
of  the  existence  of  the  latter  fails.  Moreover,  Gotch  and  Bureh  have  obtained 
fiirther  evidence  of  the  dissociation  of  the  electrteal  resp<inse  from  the  excitatory 
process.     In  the  frog's  sciatic  nerve,  it  is  possible  with  two  stimuli  in  rapid  sue* 
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ipathetic  system  with  which  they  communicate.     The  recurre: 

sensory  fibres  in  this  root  do  n 
degenerate  with  the  others,  b 
are  found  degenerated  in  tl 
part  of  the  anterior  root  a 
tached  to  the  spinal  cord. 

Section  of  the  posterior  to 
always  produces  the  same  ph; 
Biological  effect  (loss  of  senB 
tion)*  wherever  the  section 
made,  but  the  degeneration  effe 
is  different  according  as  the  se 
tioB  is  made  on  the  proximal 
distal  side  of  the  gaiighon. 
the  section  is  made  beyond  t! 
ganglion,  the  degeneration  occn 
as  shown  in  C  l>eyoiid  the  bp 
tion  in  the  peripheral  portion 

the  posterior  root-fibres ;  the  anterior  root  remains  intact  except 

the  recurrent   sensory  fibres  which  it  con-  ~ 

tains.      If  the  section   is   made    as    in   D, 

between  the  ganglion  and  the  cord,  the  only 

piece  that  degenerates  is  the  piece  severed 

from   the  ganglion   and  running  into   the 

cord;  these  fibres  may  to  traced  up  in  the 

posterior  column  of  the  spinal  cord  until 

they  terminate  in  grey  matter,  which  they 

do  at  different  levels*     The  whole  of  tlie 

sansory  fibres  including  the  reeurrent  ones 

which   are   still    attached    to   the  ganglion 

remain  histologically  healthy. 

The  accompan}ing  figure  (fig.  190)  is  one 

of    the    original   illustrations    made    by   Dv 

Waller,  and  I  am  indebted  to  the  present 

Dr  Waller  for  permission  to  reproduce  it. 
These   facta   of    degeneration   teach    us, 

what  we  also  learn  from  the  study  of  em- 
bryology, that  the  nerve-fibres  of  the  an- 
terior root  are  connected  to  the  nerve -col  Is 

within  the  spinal  cord,  while  the  posterior 

root-fibres  are  connected  to  the  cells  of  tho 

spinal  ganglia ;  or,  to  put  it  another  way,  the  trophic  centvJ 


Fin.  190.— GroitjiB  of  » 
ttaa  uityerior  ivn 

rootfi  ievrral  <]. 
tton  of  both  I 
cord'  the  m- 

being  atiU  iV'  •■ 
thft  ncrvfr-t'.-i 


•  In  ordt^'r  to  cibtarn  any  npprecinble  Iosh  of  motion  or  j^cnsationt  lU  , 
to  divide  SfVciraJ  roots  (ttiitcrior  or  piisterior  a^  the  case  may  be),  us  thcr  i 
deaJ  of  overlappiDg  In  the  peripheml  distribution  of  the  iibfe^ 


CH.  XT.] 


KEEVK    rUPULSES 


173 


The  rate  of  the  transmission  of  nervous  impulses  discovered  by 
these  methods  is,  in  a  frog's  motor  nerve,  28  to  30  metres  a  aecood ; 
in  human  motor  nerves,  33  metres  a  second ;  in  sensory  nerves,  30 
to  33  metres  a  second. 


Direction  of  a  Nerve  Imptilae. 

Nerve  impulses  are  conducted  normally  in  only  one  direction  i  in 
efferent  nerves  from,  in  afferent  nerves  to,  the  nerve-centres.  But 
there  are  some  experiments  which  point  to  the  conduction  occurring 
under  certain  circumstances  in  both  directions. 

Thus,  in  the  rheotome  experiment  just  described,  if  the  nerve  is 
stimulated  in  the  middle  instead  of  at  one  end, 
the  electrical  change  (the  evidence  of  an  im- 
pulse) is  found  to  be  conducted  towards  both 
ends  of  the  nerve. 

Kiihne's  gracilis  experiment  proves  the  same 
point  The  gracilis  muscle  of  the  frog  (fig. 
191)  is  in  two  portions,  with  a  tendinous  in- 
tersection, and  supplied  by  nerve-fibres  that 
branch  into  two  bundles;  excitation  strictly 
limited  to  one  of  these  bundles,  after  division 
of  the  tendinous  intersection,  causes  both  por- 
tions of  the  muscle  to  contract. 

Another  striking  experiment  of  the  same 
kind  can  be  performed  with  the  nerve  that 
supplies  the  electrical  organ  of  Malapterunis. 
This  nerve  consists  of  a  single  axis  cylinder  and  its  branches ;  stimu- 
lation of  its  posterior  free  end  causes  the  "  discharge  "  of  the  electrical 
organ,  although  the  nervous  impulse  normally  travels  in  the  opposite 
direction, 

Oroflsing  of  Nerves. 

Some  experiments  designed  to  prove  the  possibility  of  nervous 
conduction  in  both  directions  were  performed  many  years  ago  by 
Paul  Bert.  He  grafted  the  tip  of  a  rat's  tail  either  to  the  back  of 
the  same  rat,  or  to  tlie  nose  of  another.  When  union  had  been 
effected,  the  tail  was  amputated  near  its  base.  After  a  time,  irritation 
of  the  end  of  the  trunk -like  appendage  on  the  back  or  nose  of  the 
rat  gave  rise  to  sensation.  The  impulse  thus  passed  from  base  to 
tip,  instead  of  from  tip  to  base,  as  formerly.  This  experiment  does 
not,  however,  prove  the  point  at  all ;  for  all  the  original  nerve-fibres 
in  the  tail  must  have  degenerated,  and  the  restoration  of  sensation 
was  due  to  new  fibres,  which  had  grown  into  the  tail.  Exactly  the 
same  objection  holds  to  another  series  of  experimental  in  which  the 


Fio,  191.— Omcilia  of  frog. 
(After  Wftilor.) 
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motor  and  sensory  nerrea  of  the  tongue  were  dxYided  and  united 
crosswise.  Restoration  of  both  movement  and  seasation  does  oocur, 
but  is  owing  to  new  aerre-fibres  growing  out  from  the  central  stumps 
of  the  cut  nerves. 

Thoi^h  these  experiments  do  not  prove  what  they  were  intended 
to,  they  are  of  considerable  interest  in  themselves*  Dr  B,  Kennedy 
has  recently  carried  out  a  very  careful  piece  of  work  on  this  question 
of  nerve  crossing.  He  cut  in  a  dog's  thigh  the  nerves  supplying 
the  flexor  and  the  extensor  muscles,  and  sutured  them  together 
crosswise.  Eegeneration  of  structure  and  restoration  of  function 
occurred  equally  quickly,  as  in  those  cases  in  which  the 
central  ends  had  been  united  to  the  peripheral  ends  of  their  own 
proper  nerves.  On  examining  the  cortex  of  the  brain  in  those 
animals  in  which  nerve -crossiag  had  been  accomplished,  it  was 
found  that  stimulation  of  the  region  which  in  a  normal  animal  gave 
flexion,  now  gave  extension  of  the  limb,  and  vice  versd. 

A  series  of  equally  important  experiments  have  more  recently 
been  carried  out  by  Langley,  in  which  he  shows  that  the  same  facts 
are  true  for  the  nerves  that  supply  involuntary  muscle.  These 
nerve-fibres  will  under  certain  experimental  conditions  terminate  by 
arborising  around  other  nerve-cells  than  those  which  they  normally 
form  connections  (synapses)  *  with.  It  will  be  sufficient  to  give  one 
typical  experiment.  If  the  vagus  nerve  is  cut  across  in  the  neck,  it-s 
peripheral  end  degenerates  downwards ;  if  the  cervical  sympathetic 
is  cut  across  below  the  superior  cer\acal  ganghon,  its  peripheral  end 
degenerates  upwards,  as  far  as  the  ganglion.  If  subsequently  the 
central  end  of  the  cut  vij^us  is  united  to  the  peripheral  end  of  the 
cut  sympathetic,  in  the  course  of  some  weeks  the  vagus  fibres  grow 
into  the  sympathetic  and  form  synapses  around  the  cells  of  the 
superior  cervical  ganglion,  and  stimulation  of  the  united  nerve  now 
produces  such  effects  as  are  usually  obtained  when  the  cervical 
sympathetic  is  irritated ;  for  instance^  dilatation  of  the  pupil,  raising 
of  the  upper  eyelid,  and  constriction  of  blood-vessels  of  the  head  and 
neck,     (See  aceompanying  diagram,  fig.  192.) 

Such  experiments  as  these  are  important  because  they  teach  us 
that  though  the  action  of  nerves  may  be  so  diff'erent  in  different 
cases  (some  being  motor,  some  inhibitory,  some  secretory,  some 
sensory,  etc*),  after  all  what  occurs  in  the  nerve  trunk  itself  is 
always  the  same;  the  difference  of  action  is  due  to  difference  either 
In  the  origin  or  distribution  of  the  nerve-fibres.  If  we  remember 
the  familiar  illustration  in  which  nerve  trunks  are  compared  to 
telegraph  wires,  we  may  be  helped  in  realising  tins.  The  destina- 
tion of  a  certain  group  of  telegraph  wires  may  be  altered,  and  the 


•  The  meftnin(3^  of  the  term  **  synapse " 
(p.  198). 


is  fully  explained  in  Chapter  XVII. 
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alteration  may  produce  different  consequences  at  different  places ; 
the  electric  change,  however,  in  the  wires  would  be  the  same  in  all 
cases.  So  the  nerve  impulse  going  along  a  nerve  is  always  the  same 
Bort  of  molecular  disturbance;  if  it  is  made  as  in  the  experiment 
just  describeilj  to  go  by  a  wrong  channel,  it  produces  just  the  same 
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Flo,  19S,^£HA^ani  to  illni3tr*tfl  L»pgl(jy'^  expedJZiAat  on  Y*ffua  and  cerrlcAl  ^ympathfttlc  nerrea^  In 
A,  th«  two  iiar^'^fs  ai-a  cthfiwu  LutAvt ;  tbii  aliflctlon  of  the  ImptiLiAfl  tbev  normmny  irmrry  la  [ibown  by 
arrow ^^  nnd  ihi-  iiniut^s  uf  »ome  of  the  puts  they  aupply  etb  mantloDsd^  In  B|  botb  nerves  are  cut 
thruugb,  Tti»  i:ii<gt^!Lt!rHt«4  f^rtlonn  are  rvf^iBsentsil  by  (]lBcontmuou4  lined.  In  C,  tbo  atilou 
deicriD&d  ii\  tba  text  hiu  hoau  bCCOtnulLabed  .  ajid  alCtuulatfan  a%  tha  poUit  a'  tiow  produoea  the  smsm 
ruultH  ««  w{*re  In  Cbe  liit&cl  tiervM  (A)  pnxlueofJ  by  sitlfuulatfDii  at  a, 

results  as  though  the  impulse  had  reached  its  destination  by  the 
usual  channel. 

ChemiBtry  of  Neirvoufi  Tissues, 

The  foUowing  table  ^v^s^  some  typjfal  analyses  of  the  ^Itds  of  nervous  tissues, 
but  these  tissues  niso  contaiti  a  larj^e  ttmoiiivt  of  water ;  this  is  preserjt  in  larger 
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iimomit  [85  perc^etit)  in  f^rt-y  niHtttr  thnn  in  white  nialrter  (70  per  rent);  in  early 
than  in  adult  Life:  in  the  hmin  thiiii  in  the  spinal  cord  ;  in  the  <ipL}iiil  eord  than  in 
nerves. 

One  should  next  note  the  high  pcreenUigc  of  protein.  In  grey  matter,  where 
the  cell**  arc  prominent  stmt-turcs,  this  is  mojit  nmrked,  and  of  the  solids,  protein 
material  here:  fOtuprises  more  than  half  of  the  total.  The  following  are  some  of  my 
analyses  which  j^vc  the  mean  of  a  numt)cr  of  observations  on  the  nervous  tissues 
of  human  Iseings,  monkeys*  dogs,  and  cats  t 


F^rcsntage  (hf 

Witer. 

BaUtli. 

Cerebral  grey  matter  , 

8»'5 

16-5 

51 

„         white     „        .        . 

S9-fl 
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Sciatic  nervca      , 

d5-l 

34-9 

29 

The  most  abundant  protein  is  ntt4;lflo~proinn  :  there  is  also  a  certain  amount  of  | 
glohaliny  which,  like  the  parflmyosinojren  of  muscle,  is  coagulated  by  heat  at  the  low 
Itemperatm-e  of  47"  C*  A  certain  small  amount  of  neurokeratin  (espet^ially  abundant 
in  white  matter)  is  ineluded  in  the  al>ove  table  with  the  proteins.  The  granules  in 
nerve  cells  (Nissl's  bodies),  whieh  sbiin  rt^adily  with  methylene  blue,  are  nucleo- 
protein  in  nature.  The  next  most  abundant  substances  are  of  a  fatty  nature  j  the 
most  proTninent  of  theiic  is  the  phosphor ised  fat  called  Ut^ithm*  Pro(a^on 
(which  crystallises  out  on  cooling  a  hot  alcoholic  extract  of  brain  or  other  nervous 
structures]  and  KaphaUn  are  other  phosphorised  fats  of  uncertain  composition. 
C#r*Wii  is  a  term  which  probably  ineludes  several  substances,  which  arc  nitro- 
genous glucosides  ?  they  yield  on  hvdrolysis  the  .sugar  called  galactose.  They  are 
sometimes  called  eerehrosidea.  Tfic  ery&talline  monatomic  alcohol  choteMterm  is 
also  a  fairly  abundant  constituent  of  ner\'ous  structures,  especially  of  the  whit« 
substant^e  of  Scliwann.  Finally,  there  arc  smaller  quantities  of  other  extractives 
and  a  small  proportion  of  mineral  s?ilts  (about  1  per  cent,  of  the  solids). 

In  connection  with  the  substances  just  enumerated*  it  is  necessary  to  enter  a 
little  more  fully  into  the  composition  of  lecithin-     An  ordinary  fat  contains   the  i 
elements  carbon,  hydrogen,  and  oxygen,  and  when  it  takes  up  water  it  is  split  or  I 
hydrolysed  into  its  constituent  parts,  glycerin  and  fatty  acid. 

Fat  +  watefi, 


Glycerin, 


Fattv  acid. 


Lecithin  (C^vH^NPOu)  contains  not  only  carbon,  hydrogen,  and  oxygen,  but 

nitrogen  «nd  phnsphorus  as  well.    When  it  is  hydrolysed,  it  yields  not  only  glycerin 
and  a  fatty  acid,  hut  also  phosphorte  aeld^  and  a  nitrogenous  base  termed  cnoline. 

Lecithin  +  water, 
\ ^^^ 


Glycerin, 


Fatty  acii 


Phosphoric  acid. 


Ohoi&ie^ 


CHEMISTRY   OF  NKBVE   DIGIEKERATION 

Fresh  nervous  tissues  are  alkaline*  but,  like  most  other  Imng  structures,  they 
turn  acid  after  death  The  change  Ls  partjcularly  rapid  in  grey  malter.  The 
aL'idity  is  due  to  lactic  acid. 

Very  little  h  known  of  the  cheuik-al  changes  nervous  tL^sues  undergo 
during^  activity.  Wc  know  that  oxygen  is  very  e sciential,  especiatly  for  the  aftivity 
of  grey  matter ;  cerehral  aueeniia  is  rapidly  lolJowed  by  loss  of  con«iciou.sncfiS  iiuS 
death.  We  have  already  seen  that  similar  respiratory  exchanges,  though  less 
in  amount,  oc^eur  in  peripheral  nerves  (see  p.  171). 

OhemiBtry  of  nerv©  degeneration, -^Mott  and  I  have  shown  that  in  the 
disease  General  Paralysis  of  the  Insane,  the  marked  degeneration  that  occurs  in 
the  brain  is  accompanied  hy  the  passing  of  the  products  of  degeneration  into  the 
cerebro-spinal  fluid.  Of  these^  nuclco-protein  and  (^hotine— a  decomposition  pro- 
duct of  the  lecithin— are  those  which  can  be  most  r<iadily  detected.  Cholijie  can 
also  be  found  in  the  hlood.  But  this  is  not  pcruliar  to  the  disease  just  mentioned, 
for  in  various  other  degenerative  nervous  diseases  {combined  silerosis,  dtNseminatt^d 
sclerosis,  meningitis,  alcoholic  neuritis,  l>eri-bert,  etc.)  choline  can  also  be  detviied 
in  these  situations.  The  tests  employed  to  detect  choline  are  mainly  three;  (l)a 
chemical  test,  namely,  the  obtaining  of  the  char;icteristic  vellow  octahedral  erystab 
of  the  platinum  double  salt  from  the  alcoholic  extract  of  the  cerebro-spinal  Huid  or 
bloml.  This  test  is  not  absolutely  trustworthy,  for  potassium  and  ammonium  salts 
may  give  crystals  very  similar  in  app^earancc,  although  different  in  composition  i 
(*2)  this  test  is  free  from  any  sueh  ob)ection»  and  consists  in  adding  a  strong  solution 
of  iodine  to  the  suspected  Hnid  j  if  choline  is  present  charat'tenstic  brown  crystals 
of  the  periodide  of  clioline  are  oht^iined ;  (3)  a  physiological  test,  namelVi  the 
lowering  of  arterial  blood-pressure  (partly  cardiac  in  origin,  and  j^artly  tfue  to 
diiatatioii  of  peripheral  vessels)  which  a  saline  solution  of  the  residue  of  the  alcoholie 
extract  produces  i  this  fall  is  abolished,  or  even  replaced  by  a  rise  of  arterial 
pressure,  if  the  animal  has  been  poisoned  with  atropine.  Such  tests  have  already 
been  shown  to  be  of  diagnostic  value  in  the  distinction  between  organic  and  so- 
called  functional  diseases  of  the  nervous  system.  The  chemical  tests  can  fretjuently 
be  obtained  with  10  c.c.  of  fluid,  or  even  less, 

A  similar  condition  can  be  produced  artificially  in  animals  by  a  division  of 
large  nerve  trunks  ;  and  is  most  marked  in  those  nnimals  In  which  the  dcgi/nerative 
process  is  at  its  height  us  tested  histologically  by  the  ftlarchi  reaction.*  A  series 
of  cats  was  taken,  both  sciatic  nerves  divided^  and  the  animals  subsequently  killed 
at  intervals  varying  from  1  to  100  days.  The  nerves  remain  practica Hy  normal  as 
long  as  they  remain  irritable,  that  is  up  to  aliout  H  days  after  the  operation.  They 
then  show  a  progressive  increase  in  the  percentage  of  water,  and  a  progressive 
decrease  in  the  percentage  of  phosphonis  until  degeneration  is  complete/  When 
regcneratit^n  txTurs,  the  nerves  return  approximately  to  their  previous  chcniieal 
condition.  When  the  Marchi  reaction  disappears  in  the  later  stages  of  degenera- 
tion, the  non-phosphoHsed  fat  has  been  absort>cd.  This  absorption  occurs  earHer 
In  the  peripheral  nerves  than  In  the  central  nervous  system. 

Further,  it  has  been  found  that  in  spinal  cords  in  which  a  unilateral  degenera- 
tion of  the  pyramidal  tract  1ms  been  produced  by  a  lesion  in  the  opposite  hemi- 
sphere, there  is  a  similar  increase  of  water  and  diminution  of  phosphonis  on  the 
degenerated  side. 

The  following  table  shows  these  main  results  in  the  experiments  on  cats  just 
described. 

The  figures  relate  to  tlie  peripheral  portions  of  the  nerves*  Noll  has  shown 
that  the  phosphorised  material  also  diminishes  somewhat  rn  the  central  ends  of 
cut  nerves  due  to  *'  disuse  atrophy, " 


•  Tb©  Ma rehi  reaction  trt  the  blaqk  ijtttia3ag*l> lit  Lha  iiw-tl II  "  ttmi  nftne-jibrw 

mbows  when,  atter  being  harden F>d  in  MulJer's  flitki.  thpy  4^  igent^  it  mliturw 

of  |tiiUnr*»  tltild  atisl  oj^Pfiia  Rcid.     Healthy  norr(!*(lbrf»a  ari)  i  >  -''nt,  but  norrniLl 

ftdlpoM  ^iaati^  ia  blaekonwi  llkis  ciftguiieratBd  ttiytilui.    Tilt*  iwniio  imul  nj^LUi/u  U  dus  to  it\M  l]k0  olelu, 
which  btikag  to  the  neryOc  sori&i. 
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C*t*i  neUtie  nervea* 

Condition  or 

MOOu, 

Oonditknior 

1 

i 

of 
pfaofphoms 

Motniil  .... 
1  to  3  d«f »  ttfler  i«ctian 

4  toe 

i 
u 

25  to  m7 

too  to  106 

1 

§6*1 

6»'3 

68-2 
707 
71*3 

72  1 
72 '& 

72-6 

34  & 
355 

30-7 

31-8 
29-3 
2S*7 

27-9 
27  fi 

27-4 
3-8 

0*9 

0*9 

0-5 
0*3 

0-2 

0 

0 
0-0 

( Minimal  traces 
i    of  choline 
[  present           i 

(Choline    more 
1  abundant 

f  Choline  abun- 
{  dant 

f  Choline  much 

L  leas* 

/^Choline  almost 
I  disappeared. 

Choline  almost! 
L  disappeared. 

1  Nerves  irritable 

-   and  histolo^cally 

1  ht^thy. 

/  Irritability  lost ; 
degeneration 

1  I>ep5inning. 

j  Degeneration  well 
?>htjwn  by  Marchi 

1  reaction, 

^Ma^chi       reaction 
still     seen,      but 
absorption  of  de- 
generated fat  has 

^  set  In. 

Absorption  of  fat 
practically     com- 
jjlete* 

Return  of  function, 
nerves      tegencr- 

1  atcd. 

Heat  oontraotioD  of  nerve, — A  nerve,  when  heated,  shortent^;  this  shortening 
nccur.'i  in  n  series  of  steps  which,  as  in  the  case  of  muscle,  take  place  at  the  coagula^ 
tion  temperatures  of  the  proteins  present  The  first  step  in  the  shortening  occurs 
in  the  frog  at  about  4t>  ♦  in  the  mammal  at  about  47%  and  in  the  bird  at  about  52*  C 
The  nerv  e  is  killed  at  the  same  temperatures* 

Oerebro^pLnal  fltild. — Thi,s  plays  the  part  of  the  lymph  of  the  central  nervous 
Biyi*tcnii  but  differs  considerably  frora  all  other  forms  of  lymph.  It  is  a  very  watery 
tluid*  contain  ingf  Ijcsides  some  inorganic  salts  similar  to  those  of  the  blood,  a  trace 
of  protein  matter  (globuQn)  and  a  small  amount  of  sugar.  It  contains  the  merest 
tracr  of  choline;  out  this  Is  not  devoid  of  significance,  for  this  fact  taken  in  con- 
junL-Lion  with  another^ — namely,  that  physiological  saline  solution  will  extract  from 
fHtrfc^c^tly  fresh  nervousi  matter  a  small  quantity  of  choline — shows  us  that  lecithin 
anil  prt/tftgcm  are  not  slnhle  substances,  but  are  constantly  breaking  down  and 
tm tiding  ihemKelves  up  afresh  ^  in  fact,  undergoing  the  process  called  metabolism* 
This  is  mofit  marked  in  the  most  active  region  of  the  brain— Tii.,  the  grey  matter. 

PotaMAlum  suits  In  nervouB  tlaaues. — These,  as  in  muscle,  are  stated  to  be 
Iht'  ijio^l  ubiindunt  satts.  Macallum  uses  for  the  micro^hemical  detection  of 
■  Hjl^iH^Unn  arj  Jt^id  ht4uliiin  of  i^ohalt  nitrite,  and  precipitates  in  aittt  Uie  yellow 
tirkiiiiHrati'  uf  coiitilt  aiid  potasMum,  which  is  turned  olark  on  the  addiUon  of 
tinmmniimi  sulphide,  HIh  nrrncipal  residts  are  j— poUssium  is  found  in  cell  proto- 
iiUmin  iuit  marti  abimdiinlly  in  intcrceilulnr  material ;  in  striped  muscle  it  is  limited 
In  ihr  4 1  n  rk  1  hi  ml  ^ ,  h  n  d  I  n  j  lane  reatic  t  'ells  to  th  e  gran  ular  s^onc,  1 1 1  s  not  di  sco  vera  hie 
in  n«iy  hiu*lr^  tutr  in  nirve-ceUs,  but  in  nerve-fibres  is  found  in  patches  external  to 
tJiiT  n%iM  vyiUiih^r,  Mjk  dtMiidd  points  out  that  these  are  spots  which  have  been 
Ifijurnd,  ami  il  in  i4|iii«pi  ntly  only  tm  injury  that  the  potassium  is  liberated  in  a 
hinii  whdh  n  udrrrt  It  dr-tectahlc  by  Mocallum's  reagent  Macdonald  attributes 
umny  of  ihi-  phninmeiiu  of  nervous  acticm  to  electrolytic  changes  in  the  potassium 
Afiltii  nf  till'  m'j'vr  hbreN,  and  which  nre  present  in  Urge  amounts^ 
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When  a  constant  current  is  thrown  into  a  nerve,  there  is  an  excita- 
tion which  leads  to  a  nervous  impulse,  and  this  produces  a  contraction 
of  the  muscle  at  the  end  of  the  nerve.  Similarly,  there  is  another 
contraction  when  the  current  is  taken  out  Wliile  the  current  is 
flowing  through  the  nerve,  the  muscle  is  quieaeent  But  while  the 
current  is  flowing  there  are  changes  in  the  nerve,  both  as  regards  its 
electrical  condition  and  its  excitability.  These  changes  are  summed 
up  in  the  expression  dmtrotonus. 

1b  the  investigation  of  this  subject  the  instruments  employed  are 
the  same  as  those  already  dascribedi  with  the  addition  of  two  others 
that  it  will  be  convenient  to  describe  before  passing  on  to  the  study 
of  electrotonus  itsell  These  are  the  reverser  or  commutator,  and 
the  rheochord, 

PM's  commutator  is  the  form  of  reverser  generally  employed.  It 
consists  of  a  block  of  ebonite  provided  with  six  pools  of  mercury, 


i 


^ 
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Itio,  191.— Ftibl'f  CkHnmutator*  wlUi  cnM4  ydtm,    (AUnr  Wiiller.) 

eaeh  of  which  is  provided  with  a  binding  screw.  The  corner  pools 
are  connected  by  diagonal  cross  wires,  and  by  a  cradle  consisting  of 
an  insulating  handle  fixed  to  two  area  of  copper  wire  which  can  be 
tilted  80  that  the  two  middle  pools  can  be  brought  into  communication 
with  either  of  the  two  lateral  pairs  of  pools.     Fig,  193  shows  how,  by 
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altering  the  position  of  the  cradle,  the  direction  of  the  current  from 
one  electrode  to  the  other  is  reversed.  The  numbers  1,  2^  3,  etc,, 
indicate  the  path  of  the  current  in  the  two  cases. 

Sometimes  the  revcrser  is  used  writhout  the  cross  wires  for 
The  battery  wires  are  connected  as  before  with  ttie  itiiddle  mercury  pools, 
lateral  mir  of  pools  is  connected  by  wires  to  a  pair  of  electrodes.  _The  two  pairs  of 
ekctroaej 


a  different  purpose 


des  may  be  applied  to  two  portions  of  a  nerve,  or  to  two  dilTeretit  nerves*  and 
vy  ciiLinff  the  cradle  to  Hght  or  lelt  the  current  can  be  sent  through  one  or  the  other 
pair  of  electrodes. 

Th€  rhmchord  ia  an  instrument  by  means  of  which  the  strength  of 
a  constant  current  passed  through  a  nerve  may  be  varied.  It  consists 
of  a  long  wire  (r,  r,  r)  of  high  resistance  stretched  on  a  board.     This 


MusQle 


k  placed  as  a  bridge  on  the  course  of  the  battery  current.  (See^fig. 
194.)  The  current  is  thus  divided  into  two  parts:  one  part  through 
the  bridge,  the  other  through  the  nerve,  which  is  laid  across  the  two 
non-polarisable  electrodes  at  the  ends  of  the  wires.  The  resistance 
through  the  bridge  ia  varied  by  the  position  of  the  slider  (s  s).  The 
farther  the  slider  is  from  the  battery  end  of  the  instrument  the 
longer  is  the  bridge,  and  the  higher  its  resistance,  so  that  less  cnrrent 
goes  that  way  and  more  to  the  nerv^e. 

The  next  figure  shows  the  more  comphcated  form  of  rheochord 
invented  by  Poggendorf.     The  number  of  turns  of  wire  is  greater,  so 
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Tifi,  10&,— FoggfijidorTa  lll(i«ochQni.    (M'Kuii'lritk*) 

that  the  resistance  can  be  varied  to  a  much  greater  extent  than  in  j 
the  simpler  form  of  the  instrument. 
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The  term  *' electrotomis  *'  includes  two  seta  of  changea  in  the 
nerve;  first  an  elecfcrieal  change,  ami  secondly  changes  in  excitahility 
and  conductivity.     We  will  take  the  electrical  change  first 

Electrotonic  currents. — The  constant  current  is  passed  through 
the  nerve  from  a  hattery,  non-polarisable  electrodes  being  used ;  it  is 
called  the  polarising  current.  If  portions  of  the  nerve  heyond  the 
electrodes  are  connected  ("led  off")  as  in  the  diagram  (fig.  196)  by 
non-polarisable  electrodes  to  galvanometers,  a  current  virill  in  each 
case  be  indicated  by  the  swing  of  tlie  galvanometer  needles.  The 
electrotonic  current  in  the  neighbourhood  of  the  negative  pole  or 
kadirjde  is  called  thekateiectroionic  current ;  and  that  in  the  neighbour- 
hood of  the  anode  is  called  the  anelectrotonic  currenL  In  both  cases  the 
electrotonic  current  has  the  same  direction  as  the  polarising  current. 
These  currents  are  dependent  on  the  physical  integrity  of  medullated 
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Current 


Katekctroionh 
Current 


Polarising 
Current 
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nerve;  they  are  not  found  in  musclo,  tendon,  or  non-medullated 
nerve ;  they  are  absent  or  diminished  in  dead  or  degenerated  nerve. 
They  can,  however,  be  very  successfully  inutated  in  a  model  made  of 
rinc  wire  encased  In  cotton  soaked  with  salt  solution.  The  electro- 
tonic currents  must  be  oarefnlly  distinguished  from  the  normal 
current  of  action,  which  is  a  momentary  change  rapidly  i^ropagated 
with  a  nervous  impulse  which  may  be  produceii  by  any  method  of 
stimulation.  The  electrotonic  currents  are  produced  only  l)y  an 
electrical  (polarising)  current;  they  vary  iu  intensity  with  the 
polarising  current,  and  last  as  long  as  the  polarising  current  passes 
through  the  nerve. 

After  the  polarising  current  is  removed,  after-electratonic  tmrrantB  occur  in 

diffi^rent  diri'ctioni  in  the  three  regions  tested. 

(a)  In  the  intrapokr  region,  the  after-current  is  opposite  m  direction  to  the 

orl^nal  polarising  current;  unkss  the  polarisin|r  current  is  strong  ajid  of 

short  durfLtion^  whi-Q  it  m  in  tlic  same  direction. 
(h)  Iti  the  katelectrototjjc  region,  the  niter-current  has  the  same  direction  as  the 

kiiteleetrotonic  current, 
(c)  In  the  anelectrtitoniL"  region,  the  aftcr-cxirrent  has  at  first  tJie  samf.\  then 

the  opposite  direction  to  the  auelecbotome  current 
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Vhit  0X|tinimoiil  known  as  the  parad^dcal  amirmetum   depends 
|n*ii  iiltH>l ruliiilie  ounonts.     Tlie  sciatic  nerve  of  the  frog  divides 
|I4  Uu>  h*wtir  i»ait  uf  thtj  thigh  into  two  parts.     If  one  division  is 
4imI  itH  (HJiitnil  on  J  stimulated  electrically  (the  spinal  cord 
II  i^niviminly  tltiatmyed),  the  muscles  supplied  by  tlie  other 
(itmioli  i^iJiitiiM^t;  tho  iKirvo-fibreB  in  this  branch  having  been  Btimn* 
m\  l*y  <  hti  ultmlrotonic  variation  in  the  di%ided  branch.* 
ill«otrotonlo  alterationa  of  eiccltalJiUty  and  conductivity. — 
WtiiMi  u  <Miii«tuj»t  tmrrent  is  iiassed  through  a  nerve,  the  excitability 
lliiitl  iKMMlMi'.f.ivay  tit  tlio  nerve  are  increasod  in  the  region   of  the 
tikitlii^d4»p  aud  diiiiiiiihlirid  in  tlio  ro^'ion   of  the   anode.     When   the 
imiiiMit  in  Ukoii  iiuL  lhuH($  pruptirtioB  are  temporarily  increaied  in 
tint   nniKliboiirhttod   of  the  anode,  and  diminished  in   that  of  the 
tmtluidM 

Thlw  may  ho  nhown  in  the  oaae  of  a  motor  nerve  by  the  following 
1^  it«|riiriiiittiit     The  nnxt  diagram  represents  the  apparatus  used. 
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1,         i ;,,      Mriili  ffjr  whiglo  induction  shocks  is  arranged  in  the 
iMiiLi  ii[*Mitr*nloH  iMjlng  placed  on  the  nerve  near  the 
It,  ii4  alno  arranged,  and  includes  a  battery, 
lit  iH  pftHHed  into  the  nerve  by  means  of 
ndHilwiililiMihiiMiiTHhtrt,     Wljnn  tlie  polarisiug  current  is  thro%vn 
\[\\\\  \\{[^  uiMVit,  m  laliiDi  iiMt.  tt  iUJiitraction  of  the  muscle  occurs,  but 
\\\\mt  hHMhithiiuMH  iiiHV  !'"»  dlHri*i,'ardnd  for  the  present. 

^('1,,          >    .    iilM'Mit  IM  aniiUj^iHl  with  the  secondary  coil  so  far  from 
\\\\k  |iHi> il.  \\m  \\%\\m\\i\  nmponds  to  break  only, and  the  tracing 

•  %%\\ik  ftiMHrklitMiil  iiiHftl  \m  i«rt»fnllv  illstlncruiabed  ftom  Kilbne's  fcracilis 
L  In  the  tfriK'ilifi  cxpcritnciit  the  nerve-fibres 
t>r  Mliiujiatioti  lip  plied  to  one  branch  will  cause 
lir  nitiM-le.  In  the  p«mdoxicAl  ttjntraction,  the 
I  nil  tilt)  niit*^  ft  if  *i*if  tti  the  sciaUc  tnmk ;  there  In 
.  liiiii  iif  ti  iK^Vvi^  tmpuljie  in  both  directions;  the 
ill  Irlriil  mm. 


1tMf*i»'|M  \    |iiibl(l*^ 


HiM^Uu^i  iimti-4«^M«  muMi  Lm^  mu 
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ma/  be  reeordeJ  on  &  statianary  blackened  cyUiider  The  eylbder  is 
maTed  on  &  short  distance,  and  this  is  repeatal  The  height  of  the 
U1168  dfawn  may  be  taken  as  a  measure  of  the  excitability  of  the  nerra 
The  polartfling  current  is  then  thrown  in,  in  a  d^smndimj  direction 
(ie.,  towards  the  tnuBcle);  the  kathode  is  thus  the  non-pcilarisable 
electrode  near  to  the  excitixig  dectnxJes.  While  the  polarising  ciirmnt 
is  iowing,  take  some  moTe  tracings  by  biBaking  the  exaiting  current 
The  increase  in  the  e^Ecitability  of  the  nerre  is  shown  by  the  much 
laiger  contractions  of  the  muBcle;  probably  a  contfaotion  will  be 
oblidned  now  at  both  make  and  break  of  the  exciting  cnnsnt  After 
removing  the  polarising  current,  the  contractions  obtained  by  excit* 
ing  the  nerve  will  be  for  a  short  time  smaller  than  the  nonnal^  but 
soon  return  to  their  original  siza 

Exactly  tiia  reverse  occurs  when  the  polarising  current  is  asoTid- 
ing,  Le,,  from  the  muscle  towards  the  spinal  cord.  The  non-polarisable 
electrode  near  the  exciting  electrodes  is  now  the  anoda  While  the 
polarising  current  is  passing,  the  excitability  of  the  nerve  is  diminished 
80  that  induction  shocks  which  previously  produced  contractions  of  a 
certain  size,  now  produce  smaller  contractions,  or  none  at  alL  On 
removing  the  polarising  current,  the  after-effeet  is  increase  of  excit- 
ability. 

The  following  figure  is  a  reproduction  of  a  ta-acing  from  an  actual 
experiment  The  aiter-effects 
are  not  shown,  N  represents 
a  series  of  contractions  ob- 
tained when  the  nerve  is 
uormal,  K  when  it  is  kat- 
electrotonic,  A  when  it  is 
anelectrotonia 

Exactly  aimUar  results  arc 
obtained  if  one  uaes  mDchani- 
cal  stimuli,  such  as  ham  mar - 
T  the  nerve,  instead  of 
F  induction  shocks.  The  same 
is  true  for  chemical  stimuli. 
If  the  exciting  electrodes  are 
removed,  and  salt  sprinkletl 
on  the  nerve  near  the  mugcie, 
the  latter  soon  begins  to 
quiver ;  its  contractions  are 
increased  by  throwing  in  a  descending  and  diminished  by  an  ascend- 
ing polarising  current 

The  increase  in  irritability  is  called  katelectrotonuB,  and  tho 
grease  is  called  anelectrotonus.     The  accompanying  diagram  (fig, 
199)  shows  how  the  effect  is  moat  intense  at  the  points  (a  k)  wliere 


Fio.  IS8.— Klflctrotoim*.    il,  m^kv,    11,  bn^^ 
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the  electrodes  are  applied,  and  extends  in  gradually  diminisiiing 
intensity  on  moli  side  of  them.  Between  the  electrodes  the  increase 
shades  off  into  the  decreaao,  and  it  is  evident  that  there  must  be  a 
neutral  point  wiiere  there  is  neither  increase  nor  decrease  of  irritaMlity. 
The  position  of  this  neutral  point  is  found  to  vary  with  the  intensity 


FWt  109.— Diftgnm  niiiAtiutlng  tbn  effecU  of  varions  Intttosttfaa  af  Ihs  poluiilug  cuiieut.  a,  n%  nisrve ; 
^  «Dode ;  it,  katligde ;  the  curve*  above  iniliraWi  ii;t£r«ise,  &ik!  those  beilow  (i(^c^«lse  of  irdtabilitfi 
■nd  when  tha  yurreut  ie  small  the  Inereaae  and  dacreaia  are  both  aiii«1],  with  the  nexitrml  point  uoor 
rtr  iu)d  m  thu  cuTT^ot  is  IncTQaaed  to  atrBngth,  the  cbangei  la  trritAbOlt^  aiv  greatsTp  and  Uiet)e<Qtiftl 
point  approaches  K 

of  the  polarising  current — when  the  current  is  weak  the  point  is 
nearer  the  anode,  whon  strong  nearer  the  kathode. 

Pfluger*9  law  of  contraction. — The  constant  current  sometimes 
causes  a  contraction  both  at  make  and  breaks  sometimes  at  make  only, 
sometimes  at  break  only.  The  difference  depends  on  the  strength  and 
direction  of  the  current;  and  follows  from  the  eleetrotonic  changes  of 
excitability  and  conductivity  we  have  been  studying.  Increase  of  ex- 
citability  acts  as  a  stimulus ;  so  that  at  the  make  the  kathode  is  the 
stimulating  electrode,  and  at  the  break  the  anode  is  the  stimulating 
electrode. 

The  facts  may  be  demonstrated  in  the  following  way  (fig.  200) ; 
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Fig.  SO0.~AmogfliDent  ofappanitus  fbr  daniDnatrmliliig  PJliigflF'B  law. 

from  a  battery  lead  the  wires  to  the  middle  screws  of  a  reverser  (with 
cross  wires),  interposing  a  key ;  from  one  pair  of  end  screws  of  the 
reverser  lead  wkes  to  the  binding  screws  of  the  rheochord  ;  from  these 
same  screws  of  the  rheochord  the  non-polarisable  electrodes  lead  to 
the  nerve  of  a  netve-muacle  preparation.  The  strength  of  the  current 
is  varied  by  the  slider  S.     The  nearer  S  is  to  the  binding  screws  the 
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lees  is  the  resistance  in  the  rheochord  circuit,  and  the  less  the  current 
through  the  nerve.  With  a  weak  currenti  a  contraction  occurs  at 
make  onJy,  but  mare  readily,  ie^  with  a  weaker  current,  when  its 
direction  is  descending,  ie,  towards  the  muscle.  With  a  stronger 
current  (ascending  or  descending)  contraction  occurs  both  at  make 
and  bi^ak.  With  a  very  strong  current  (six  Groves),  the  contraction 
occurs  only  at  make  with  a  descending  current ;  and  only  at  break 
with  an  ascending  current 

The  eontractiona  produced  in  the  muscle  of  a  nerve-muscle 
preparation  by  a  constant  current  have  been  arranged  in  a  table 
which  is  known  as  Pfliiger's  Law  of  Contraction. 


Stkkvotb  of 

BliCBlfPUEO  CfJBBClfT. 

Aactxt^tsQ  OmumiT, 

Mtkft. 

Bmk. 

H^ 

Bmk. 

Weak    .         ,         . 

Moderate      . 
Strong  , 

Yes. 
Yes, 
Ye& 

Na. 
Yes, 
No. 

Yet. 
Yea. 

No. 
Yes. 
Yes. 

The  increase  of  irritability  at  the  kathode  when  the  current  is 
^^ttada  is  greater,  and  so  more  potent  to  produce  a  contraction  than  the 
rise  of  irritability  at  tlie  anode  when  the  current  is  broken ;  and  so 
with  weak  currents  the  only  effect  is  a  contraction  at  the  make* 
But  when  the  strength  of  the  current  is  increaeed  the  rise  of 
excitability  is  in  all  cases  sufficient  to  provoke  a  contraction 
(moderate  effect  in  above  table).  The  alteration  in  conductivity 
18  not  sufficient  to  prevent  the  impulses  being  propagated  to  the 
muscle. 

With  strong  currents  the  case  is  a  little  more  complicated, 
because  here  the  diminution  of  conductivity  is  so  great  that  certain 
regions  of  the  nerve  become  impassable  by  nerve  impulaea.  When 
the  current  has  an  ascending  direction,  the  impulse  at  the  break  is 
started  at  the  anode,  and  as  this  is  next  to  the  muscle  there  is  no 
hindrance  to  the  propagation  of  the  impulse,  but  at  the  make  the 
impulse  started  at  the  kathode  w  blocked  bj  the  extreme  lowering 
of  conductivity  at  the  anode.  When  the  current  is  descendmg  the 
kathode  is  near  the  muscle,  and  so  the  impulse  at  make  reaches  the 
muscle  without  hindrance;  but  at  the  break,  the  impulse  started  at 
the  anode  has  to  traverse  a  region  of  nerve,  the  conductivity  of  which 
is  so  lessened  that  the  excitation  is  not  propagated  to  the  muscle. 

G.  N.  Stewart  has  stated  in  opposition  to  the  foregoing  statements  that  at  the 
vTiake  conductivity  is  roost  lowered  at  the  kathode,  and  at  the  break  at  the  anode. 
In  other  words*  conductivity  and  excltahility  vary  in  opposite  difections.  His 
fesftilts  have,  however,  not  been  accepted  by  other  physiologists,  and  are  due  to  a 
complex  set  of  excitatory  and  polarisation  changes  produced  by  the  galvanometric 
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methods  he  adopted  Goh'h*s  much  more  tnistworthy  expentoents  with  the 
el^lroiiieter  are  directly  opposed  to  those  of  Stewart  The  foUowinj^  simple 
exjHirinient  devised  by  Gotcn  appears  to  be  quite  conclusive  that  conductivity  like 
excitability  is  lessened  at  the  atiode  when  the  current  is  made.  Three  nou-polaris- 
able  electrodes  arr  employed  (fig.  201),  the  current  is  first  closed  from  A^  to  K,  and 
the  time  which  mttrvencs  before  the  muscle  contracts  is  measured  ;  it  is  then 
closed  from  Aj  to  K*  and  the  time  again  raeasurecl  In  both  cases,  excitation 
oarurs  at  K*  but  the  time  of  response  in  the  second  case  (A,  to  K)  is  longer,  tjeeause 
in  that  case  the  nerve  impulse  nas  to  traverse  a  region  of  nerve  at  A^  in  which  the 
power  of  conduction  is  lesssened. 


Fio.  SOL— Diitgrnin  hj  iUnBtTAte  G<otclL'i  expeiimetit  witb  triple  electrodei. 

Some  times  (when  the  preparatioB  is  specially  irritable)  instead  of 
a  simple  contraution  a  tetanus  occurs  at  the  make  or  break  of  the 
coDStaBt  current.  This  is  due  to  cheuiical  (electrolytic)  changes  pro- 
duced by  the  current,  and  is  liable  to  occur  at  the  break  of  a  strong 
ascending  current  which  has  been  passing  for  some  time  into  the 
preparation,  or  at  the  make  of  a  strong  desceticiing  current;  both 
being  conditions  which  increase  the  excitability  of  the  piece  of  nerve 
nearest  to  the  muscle ;  this  is  called  Rltter's  tetanus,  and  may  be 
stopped  in  the  first  case  by  throwing  in  the  current  iii  the  same 
direction,  or  in  the  second  case  by  throwing  in  a  current  in  the 
opposite  direction,  i.e.,  by  conditions  which  lessen  the  irritability  of 
this  piece  of  nerve. 

The  same  general  laws  hold  for  muscle  as  well  as  for  nerve,  but 
are  more  difficult  to  demonstrate ;  the  niaiB  fact,  however,  that  the 
kathode  ie  the  stimulating  electrode  at  the  make,  and  the  anode  at 
the  break,  may  be  shown  by  the  following  experiment;  if  a  curarised, 
that  is,  a  physiologically  nerveless  muscle,  is  arranged,  as  in  the 
experiment,  for  demonstrating  the  muscle- wave  (see  fig.  149,  p.  119), 
and  a  non-polarisable  electrode  placed  at  each  end,  the  muscle-wave 
at  the  make  of  a  constant  currant  starts  at  the  kathode  and  at  the 
break  at  the  anoda 

An  induced  current  in  the  secondary  circuit  of  an  inductorium 
may  be  regarded  as  a  current  of  such  short  duration  that  the  opening 
and  closing  are  fused  in  thoir  effects.  This  is  true  for  all  induction  cur- 
rents, whether  produced  by  the  naake  or  break  of  the  primary  circuit. 
The  kathode  will  always  be  the  more  effective  in  causing  contraction, 


Eesponse  of  Human  Muscles  and  Nerves  to  Electrical 
Stimulation. 

Perhaps  the  most  important  outcome  of  this  study  of  the  response 
of  muscle  and  nerve  to  eloctrica!  stimulation  is  its  appUcation  to  the 
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muscles  and  nerves  of  the  human  body,  because  here  it  forms  a  most 
valuable  method  of  diagnosis  in  cases  of  diseaaa 

In  the  normal  state,  nerves  can  be  stimnkteil  either  hj  induction 
shocks,  or  by  the  make  and  break  of  a  constant  current.  In  the  case 
of  the  motor  nerves  this  is  shown  by  the  contraction  of  the  muscles 
they  supply;  and  in  the  case  of  the  sensory  nerves  by  the  sensations 
that  are  produced.  In  the  case  of  the  sensory  nerves,  the  sensation 
produced  by  the  constant  current  is  moat  intense  at  the  instant  of 
make  and  break,  or  when  the  strength  of  the  current  is  changed  in 
the  direction  either  of  diminution  or  increase ;  but  there  is  a  slight 
sensation  due  doubtless  to  the  electrotonic  alterations  in  excitability 
which  we  have  been  studying,  during  the  whole  time  that  the  current 
is  passing. 

When  the  nutrition  of  the  nerves  is  impaired,  much  stronger 
currents  of  both  the  induced  and  oonstant  kinds  are  necessary  to 
evoke  muscular  contractions  than  in  the  normal  state*  When  the 
nerves  are  completely  degenerated  (as,  for  instance,  when  they  are  cut 
off  from  the  spinal  cord,  or  when  the  cells  in  the  cord  from  which 
they  originate  are  themselves  degenerated,  as  iu  infantile  paralysis) 
no  muscular  contraction  can  be  obtained  on  stimnlaticg  the  nerves 
even  with  the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple, 
because  in  them  there  are  two  excitable  structures,  the  terminations 
of  the  nerves^  and  the  muscular  fibres  themselves.  Of  these,  the 
nerve-fibres  are  the  more  sensitive  to  induction  currents,  and  the 
Jaradic  stimulation  of  a  muscle  under  normal  circumstances  is  by 
^ineans  of  these  motor  nerve-endings.  Thus  we  find  that  its  excita- 
bility corresponds  in  degree  to  that  of  the  motor  nerve  supplying  it. 
The  muscular  fibres  arCj  even  in  the  normal  state,  less  sensitive  to 
faradism  (that  is,  a  succession  of  induction  shocks)  than  the  nerve, 
'  because  they  are  incapable  of  ready  response  to  stimuli  so  very  short 
in  duration  as  are  the  shocks  of  which  a  faradic  current  consists. 
The  proof  of  tliis  consists  in  the  fact  that  under  the  iafluence  of 
curare,  which  renders  the  muscle  practically  nerveless,  the  muscle 
requires  a  much  stronger  faradic  current  to  stimulate  it  than  in  the 
normal  state.  When  the  nerve  is  degenerated,  the  make  or  break 
of  the  constant  current  stimulates  the  muscle  as  readily  as  in  the 
normal  state;  but  the  contraction  is  propagated  more  slowly  than 
that  wliich  occurs  when  the  nerve-fibres  are  intact,  and  is  due  to  the 
stimulation  of  the  muscular  fibres  themselves.  The  fact  that,  under 
normal  circumstances,  the  contraction  which  is  caused  by  the  constant 
current  is  as  quick  as  that  produced  by  an  induction  shock,  is  ground 
for  believing  that  in  health  the  constant,  like  the  induced  current, 
causes  the  muscle  to  contract  chiefly  by  exciting  the  motor  nen^ee 
within  it. 
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When  the  motor  nerve  is  degenerated,  and  will  not  respond  to 
any  form  of  electrical  stimnlation,  the  muscle  also  loses  all  its  power 
of  response  to  induction  shocks.  The  nerve-degeneration  is  accom- 
panied by  changes  m  the  nutrition  of  the  muscular  fibres,  as  is 
evidenced  by  their  rapid  wasting,  and  any  power  of  response  to 
fatadism  they  possessed  in  the  normal  state  is  lost.  But  the  response 
to  the  constant  current  remains,  and  is  indeed  more  ready  than  in 
health,  doubtless  in  consequence  of  nutritive  changes  which  develop 
what  the  older  pathologists  called,  truly  enough,  "irritable  weakness." 
There  is,  moreover,  a  qualitative  as  well  as  a  quantitative  change. 
In  health  the  first  contraction  to  occur  on  gradually  increasing  the 
strength  of  the  current  is  at  the  negative  pole,  when  the  circuit  is 
closed  (see  Pfliiger's  law),  and  a  stronger  current  is  required  before 
closure-contraction  occurs  at  the  positive  pole.  But  in  the  morbid 
state  we  are  discussing,  closure-contraction  may  occur  at  the  positive 
pole  as  readily  as  at  the  negative  pole.  Thos  condition  is  called 
the  " Eduction  of  Bsg&nercUwn" 

Suppose  a  patient  comes  before  one  with  muscular  paralysis. 
This  may  be  due  to  disease  of  the  nerves,  of  the  cells  of  the  spinal 
cord,  or  of  the  brain.  If  the  paralysis  is  due  to  brain  disease,  the 
muscles  will  be  slightly  wasted  owing  to  disuse,  but  the  electrical 
irritability  of  the  muscles  and  nerves  will  be  normal,  as  they  are 
still  in  connection  with  the  nerve-ceUs  of  the  spinal  cord  that  control 
their  nutrition.  But  if  the  paralysis  is  due  to  disease  either  of  the 
spinal  cord  or  of  the  nerves,  this  nutritive  influence  can  no  longer 
be  exercised  over  the  nerves  or  muscles.  The  nerves  will  degenerate ; 
the  muscles  waste  rapidly;  the  irritability  of  the  nerves  to  both 
forms  of  electrical  stimulation  will  be  lost;  the  muscles  will  not 
respond  to  the  faradic  current,  but  in  relation  to  the  constant  current 
they  will  exhibit  what  we  have  called  the  "  reaction  of  degeneration." 

This  illustrates  the  value  of  the  electrical  method  as  a  means  of 
diagnosis,  that  is,  of  finding  out  what  is  the  matter  with  a  patient 
It  is  also  a  valuable  means  of  treatment ;  by  making  the  muscles  con- 
tract artificially,  their  nutrition  is  kept  up  until  restoration  of  the 
nerves  or  nerve-centres  is  brought  about.  Another  illustration  will 
indicate  that  the  facts  regarding  electrotonic  variation  of  excitability 
are  true  for  sensory  as  well  as  for  motor  nerves;  in  a  case  of 
neuralgia,  relief  will  often  be  obtained  by  passing  a  constant  current 
through  the  nerve ;  but  the  pole  applied  to  the  nerve  must  be  the 
anode  which  produces  diminution  of  excitability,  not  the  kathode 
wliicb  produces  the  reverse. 

Waller  has  pointed  out  that  Pfliie-er's  law  of  contfacUon,  m  formulated  for 
frogs^  muscles  and  nerves,  is  true  for  human  muscles  and  neryes  in  the  main,  but 
there  are  eertain  diJH'repanries,  These  arise  from  the  method  necessarily  employed 
in  man  being  different  from  those  used  with  a  mnsele-nerve  preparation.  In  a 
muscle-nerve  preparation  the  nerve  is  dissected  outi  the  two  electrodes  placed  on 
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it,  and  the  cuitent  has  of  necessity  to  traverse  the  piece  of  tierre  between  the  two 
^electrodes.  In  man,  the  ciurrent  is  applied  by  means  of  electrodes  or  rheophores 
f  which  consist  of  metal  discs  coTcred  with  wash  leather,  and  soaked  in  bfine.  One 
of  these  is  placed  on  the  moistened  skin  over  the  nerve,  and  the  other  on  some 
indifferent  point,  such  as  the  back.  The  current  finds  its  waj  from  one  electrode  to 
the  other,  not  necessarily  through  the  nerves  to  any  great  extent  (though  it  will  be 
concentrated  at  the  ner^'e  as  it  leaves  the  anode  or  rejiehes  the  kathode),  but  diffuses 
widely  through  the  body*  seeking  the  puths  of  least  resisUuce,  Thus  it  is  impos- 
sible to  get  pure  anodic  or  kathodic  effects.  If  the  anode  is  applied  over  the  nerve, 
the  current  enters  by  a  scries  of  points  (polar  isone),  and  leaves  by  a  second  series 
of  points  (peripolar  stone).  The  second  series  of  points  is  very  close  to  the  first,  as 
the  current  leaves  the  nerve  as  soon  as  possible,  seeking  less  resistant  paths.  The 
polar  zone  will  be  in  the  coodition  of  anelectrotonus,  the  peripolar  in  that  of 
katelectrotonus,  so  that  although  the  former  effect  will  predorainnle^  the  points  being 
ore  concentrated,  the  latter  effect  niay  prevent  a  pure  anelectrotonic  effect 
'    Mjbserved  (fig.  202> 

*flUger  s  law  of  contraction  according  to  which  eTtcitation  oc^-urs  at  the  kathode 

on  the  tnake  of  a  cnnfitant  current,  and  at  the  anode  on  the  bfeak,  holds  good  for 

all  excitable  tissues-     The  excitation  at  the  break  is  proliably  really  due  to  the 

oake  of  a  polarisation  current  having  its  kathotfe  at  the  former  anode,  and  is 

herefore  fundamentally  of  the  sfiroe  nature  as  the  make  contraction  ?  or,  in  general 
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-Ek'cliDcftM  B.[:iXjUml  Ln  tliu  nkin  oTCtr  &  n«rv«-tniiLk.  Ifi  a  the  poUr  Araa  Iji  toQlfUtzoteiktei 
ttiQ  porkpular  kfttelectrotDtile.  Tbe  former  condition,  ttierefoni,  prepgudoratM,  ninca  tha 
curront  li  more  «onc«ntr&t«d.  Id  b  tli&  conditicmc  aiv  revKHMd,  the  polur  mue  oonaapoDdtng  httt 
to  the  kathcjde.    (After  Waller.) 


tfrms,  exultation  occurs  only  at  the  place  where  a  current  leaves  the  excitable 
ti.ssue.  No  doubt  the  effect  is  determined  by  the  elet^trolytic  changes  occurring  at 
the  point  of  entry  and  exit  of  the  current ;  the  development  of  kat-ions  must  there- 
fore be  the  chemical  change  that  results  in  excitation.  It  is  difficult  to  imagine  that 
in  a  degenerated  raui?cle  there  should  be  a  reversal  of  such  a  fundamental  law,  and 
that  excitation  should  be  associated  with  the  developmcjit  of  an-ions.  Yet  this  is 
supposed  to  occur  in  the  qualitative  change  known  as  the  **  reaction  of  degenem- 
tion/'  Page  May  has  investigated  this  question  afresh,  and  finds  that  the  reversal 
of  the  law  is  only  apparent,  not  real,  and  is  due  to  the  imperfect  method  which 
clinical  observers  muf^t  necessarily  employ  when  testing  the  electrical  reaction  of 
muscles  through  the  sikin.  By  the  use  of  appropriate  ele^-trodcs  on  the  degenerated 
niuscies  of  animals,  it  ts  possible  to  detect  the  source  of  error.  Let  us  substitute  a 
muscle  for  a  ner^'C  in  the  diagranis  of  fig.  202  ;  the  current  enters  a  few  fibres  at 
the  anode,  then  spreads  in  all  directions,  and  leaves  the  muscle  by  a  number  of 
diffused  kathodic  points*  If  the  muscle  is  degenenited,  its  excitability  is  high, 
and  the  ready  resjKjUfie  at  the  anode  when  the  current  is  made  does  not  really  m^cur 
at  the  actual  anode»  but  in  the  neighbouring  and  more  widespread  peHpUar 
kathodes.  In  other  words,  degenerated  muscle  obeys  the  general  law  of  excitable 
tissues,  and  excitation  cK'curs  only  at  the  situatioti  where  the  current  leatrcs  the 
muscle.  At  the  actual  anode  there  Is  relaxation  or  absence  of  effect ;  this  is 
obviously  not  observable  through  the  human  skin  l>eeause  the  change  is  very 
limited  in  extent  t  it  can  be  .ictuaHy  ^een  in  the  cx]iosed  muscles  of  an  aniinaL 
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The  nerve-centres  consist  of  the  brain  and  spina!  cord;  they  are 
characterised  by  containing  nerve-celle,  from  wliich  the  nerve-fibres 
of  the  nerves  originate.  Small  colloctions  of  nerve-cells  are  found 
also  in  portions  of  the  peripheral  nervous  system,  where  they  are 
called  ganglia.  The  spinal  ganglia  on  the  posterior  roots  of  the 
spinal  nerves,  and  the  8)Tnpathetic  ganglia  ate  instances  of  these. 

The  general  arrangement  of  the  cerebro-spinal  axia  is  given  in 
the  accompanying  diagram.  The  nerves  which  take  origin  from  the 
brain  are  called  cranial  nerves;  there  are  twelve  pairs  of  these; 
some  of  tlienij  like  the  olfactory,  optic,  and  auditory  nerves,  are  nerves 
of  special  sense ;  others  supply  the  region  of  the  head  with  motor 
and  sensory  fibres.  One  pair  (the  tenth),  called  the  pneumogastric 
or  vagus  nerves,  are  mainly  distributetl  to  the  viscera  of  the  thorax 
and  alxlomen,  and  a  part  of  another  pair  (the  eleventh),  called  the 
spinal  accessory  nerv'^es,  unites  with  the  vagus  prior  to  such  distribu* 
tion*  We  shall  in  our  subseqnetit  stndy  of  the  heart,  lungs,  stomach 
and  other  organs  have  frequently  to  allude  to  these  nerves*  The 
first  two  pairs  of  cranial  nerves  (the  olfactory  and  the  optic)  arise 
from  the  cerebruni.  The  remaining  ten  pairs  are  connected  with  the 
district  of  grey  matter  called  the  floor  of  the  fourth  ventricle  or  its 
inunediate  neighbourhood ;  this  tract  of  grey  matter  is  situated  at 
the  lower  part  of  the  brain  where  it  joins  the  spinal  cord ;  this 
portion  of  the  brain  is  called  the  Bulb  or  Medulla  oblongata. 

The  spinal  nerves  are  arranged  in  pairs,  31  in  number.  Their 
general  structure  and  f imctions  we  have  already  studied  (pp.  168-170), 

The  more  intimate  strncture  of  the  brain  and  spinal  cord  we  shall 
consider  at  length  in  subsequent  chaptera  For  the  present  we  shall 
deal  with  some  of  the  general  aspects  of  the  nerve-centres,  l^oth  as 
regards  structure  and  function. 

The  brain  and  spinal  cord  consist  of  two  kinds  of  tissue,  easily 
distinguishable  by  the  naked  eya  They  are  called  respectively  white 
maitsr  and  ffrm/  mait^. 
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WkiU  matter  is  composed  of  medullated  ncrve-fiViT^B,  which  differ 
in  structure  from  the  medul- 
lated  fibres    of    nerve    by 
having  no  primitive  sheath 
(neuriJemma). 

Grey  metier  is  the  true 
^jentral  material  bo  far  as  re- 
gards function;  that  is  to 
say,  it  is  the  part  which 
receiveB  and  sends  out 
nervous  impulses;  it  is 
characterised  by  containing 
the  bodies  of  the  nerve- 
cells* 

In  the  brain  the  grey 
matter  is  chiefly  situatfMl 
on  the  sui*fac6»  forming 
what  is  called  the  cortex; 
the  white  matter  and  cer- 
tain subsidiary  masses  of 
grey  matter  are  in  tlie 
interior. 

In  the  spinal  cord,  the 
grey  matter  is  in  the  in- 
terior, the  whit©  matter 
outside. 

In  both  grey  and  white 
matter  the  nervensells  and 
nerve -fibres  are  supported 
by  a  peculiar  tissue  which 
is  called  rwuroglia.  It  is 
composed  of  cells  and  fibres, 
the  latter  being  prolong&l 
from  the  cells.  Some  of  the 
fibres  are  radially  arranged. 
They  start  from  the  outer 
ends  of  the  ciliated  cpithc* 
lium  cells  that  line  the 
central  canal  of  the  spinal 
cord  and  the  ventricles  of 
the  brain,  and  diverge  con- 
stantly branching  towards 
the  surface  of  the  oi'gan, 
where  they  end  by  alight 
enlargements    attached    to 


^''X  ~. 
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the  pia  mater*  The  other  fibres  of  the  tisaue  are  cell  proceasea  of 
the  neuroglia  or  glia  cells  proper,  or  spider  cells  as  they  are  some- 
times termed  (see  fig.  204). 

Neuroglia  is  thus  a  connective  tisstie  in  function,  but  it  is  not 
one  in  origin.  Like  the  rest  of  the  nervous  system,  it  originates 
from  the  outermost  layer  of  the  embryo,  the  epiblast  Mi  true 
connective  tissues  are  mesoblaatic. 

Chemically,  it  is  very  different  from  connective  tissues.     It  con- 


Fiti.  904.^Bnincrh«d  iiearogHA<oelL    (After  t^tohr.) 

aists  of  an  insoluble  material  called  muro-herariin,  or  nerve-horn, 
similar  to  the  horny  substance,  keratin,  which  is  found  in  the  surface 
layers  of  the  epidermis. 


Structure  of  Nerve-Cells . 

Nerve-cells  differ  a  good  deal  both  in  shape  and  size. 

In  the  early  embryonic  condition,  the  future  nerve*cell  is  a  small 
nucleated  mass  of  protoplasm  Mithout  processes.  As  development 
progresses  branches  grow,  and  by  this  means  it  is  brought  into  con- 
tact with  the  brandies  of  other  nerve-cells.  When  the  nerve-cells 
degenerate,  as  they  do  in  some  cases  of  brain  and  cord  disease,  there 
is  a  reversal  of  tliis  process ;  just  as  in  a  dying  tree  the  terminal 
branches,  those  most  distant  from  the  seat  of  nutrition,  are  the  first 
to  wither,  so  it  is  in  the  degenerating  nerve-celL  If  one  traces  the 
structure  of  nerve-cells  throughout  the  zoological  aeries,  there  is  also 
seen  an  inorease  in  their  complexity,  and  the  number  of  points  of 
contact,  produced  by  an  increase  in  the  number  and  complexity  of  the 
branches,  multiplies  (fig.  205). 
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The  simplBst  nerv^-cells  known  are  termed  bipolar.  In  the  lower 
animals  the  two  proce5se&  come  off  from  the  opposite  ends  of  the 
cells ;  the  cell,  in  other  words,  appears  as  a  nucleated  enlargement  on 
the  course  of  a  nerve-fibre.  Fig.  206  (A)  shows  one  of  these  nerve- 
cells  from  the  Gasserian  ganglion  of  the  pike.  The  cells  of  the 
Gasserian  and  spinal  ganglia  In  the  mammalian  embryo  are  also 
bipolar,  but  as  development  progresses,  the  two  branches  become 
fused  for  a  considerable  distance,  bo  that  in  the  fully  formed  animal 
each  cell  appears  to  be  unipolar.  This  is  shown  in  a  more  diagram- 
matic way  in  fig.  187,  p.  168.     The  bifurcation  of  the  nerve-fibre  is 
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Fi(j»  a05.— I>S*2rr»ni  after  lUmoD  y  C*jftl  lo  show  tlie  oDtogeuetlQ  £or  ^mbryQlQ^cal)  and  plt^logeDetiO 
(i.Cf  In  tlie  kutmal  satieji)  dftTflopm-eDt  of  a  neiiTDH,.  a,  ctnebnl  -cell  of  ^^^\  fi,  ntjwt ;  r,  monso ;  Hi 
miD*  A«  Xha  {.iliK^e  3u  tlift  zoological  st^riaA  rlsj^,  tho  neuroD  iacreaneft  Ju  compleJdty  and  lu  tb0 
Dumber  of  iK;>i,Hta  of  contact ;  thU  Is  prorluced  partly  by  kq  loctieaH  of  tba  deadroDi,  ptutly  by  an 
loCTtfaM  in  the  aidn  bmnchfi'ei  or  collntaralg  of  the  aion.  a.^  &,  e,  d,  c,  »hov  tlie  eariy  stages  tn  the 
developtdiibt  erf  a  iftnUar  c?ll  In  th$  humim  emb^^ti  i  the  lint  bnncli  of  tba  oqU  to  at»pt&i  (1ti  a)  la 
the  axon ;  the  deadTons  aro  later  otitgrowtba.  Tbe  rvrexiial  of  tJita  proceaa  takes  placei  in  pdjnajy 
degoitizvtioii. 

ffipoken  of  as  a  X-shaped  junction.  As  will  be  seen  in  fig,  206  (C)^ 
the  nerve  process  has  a  convoluted  course  on  the  surface  of  the  cell 
before  it  biftircates.  In  these  ganglia  it  should  be  also  noted  that 
each  cell  is  enclosed  within  a  connective  tissue  sheath,  and  the  nuclei 
seen  are  those  of  the  connective  tissue  corpuscles. 

In  the  sympathetic  ganglia,  the  cells  may  have  a  similar  structure, 
and  here  also  the  nucleated  sheath  is  seen.  In  some  cases,  however, 
when  there  appear  to  be  two  fibres  connected  to  a  cell,  one  of  them 
is  really  derived  from  another  ceU,  and  is  passing  to  end  in  a  ramifi- 
cation which  envelopes  the  ganglion  cell ;  it  may  sometinias  be  coiled 
spirally  aronnd  the  issuing  nerve-fibra 
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The  majoritj  of  nerve-cells  found  in  the  Iwdy  are  muiiipolar. 
Here  the  cell  becomes  angular  or  stellate.  Fkj.  207  shows  the  usual 
form  of  cell  present  in  eynapathotic  gangliiL  From  the  angles  of  the 
cell,  branches  originate ;  the  majority  of  these  branches  divide  and 
subdivide  untO  each  ends  in  an  arboresceace  of  fine  twigs  or  fibrils; 
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Fia,  9M.— Bfpo1«t  nerv&KMlk.  A.  From  Ui«  Gi^MrJAn  gaiigUon  of  ihe  pfka  (Aftvr  Didd^^rX  H.  Fnun  m 
mpttiMl  g»Dg1lon  Gtmil  waeks'  humtn  embryo  (flftor  His).  C*  Adult  oonditJon  of  thn  mimniAlUlii 
■plnffll  g&iiKUoTi  cell :  N.  S.  uiicl^mtdd  ibe«th  }  only  the  nuclei  nma  iu  pro) tie  ikire  repre»eut«d.  T.  H 
the  T'B^bApvl  Junction  (Aflei  BalvAa^)* 


but  one  proce&s,  and  one  process  only,  of  each  cell  becomes  the  axis 
cylinder  of  a  nerve-fibre. 

Passing  next  to  the  central  nervous  system,  we  here  again  find 
the  multipolar  cell  is  the  principal  kind  present. 

The  next  figure  (fig.  208)  shows  one  of  the  t}7)ical  multipolar  ceUs 
of  the  spinal  cord*  Here  again,  only  one  process  (a)  becomes  the 
axis  cylinder  of  a  nerve-fibre,  and  the  others  break  up  into  arborisa- 
tions of  fibrila.  The  cells  have  a  finely  fibrillar  structure^  and  the 
fibrils  can  be  traced  into  the  axis  cylinder  process  and  the  other 
brancbea  of  the  cell.     Between  the  fibrils  the  protoplasm  of  the  cell 
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In  preparaUotts  made  by'  Golgi's  chromate  of  silver  method,  the 
cells  and  their  processes  are  stained  an  intense  black  by  a  deposit  ef 

silver.  The  various  gtructnres 
in  the  cells  (nucleus,  gi*aouIes, 
fibrils,  etc.),  are  not  visible  in 
such  preparations,  but  the  great 
advantage  of  the  method  is  that 
it  enables  one  to  follow  the 
branches  to  their  finest  ramifica- 
tions. It  is  thus  found  that  the 
axis  cylinder  process  is  not  un- 
branched,  as  represented  in  fig. 
208,  but  invariably  gives  off 
side-branches,  which  are  called 
&>Uateral3 ;  these  pass  into  the 
adjacent  nerve-tissue.  The  aatis 
cylinder  then  acquires  the 
sheaths,  and   thus  is  converted 
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Fia.  3U9«— Fjrmulikli  cuU  of  Imnrnti  ucnbrnl  OOiteic* 

into  a  nerve-fibre.    This  nerve*fihre 

sometimeSi  as  in  the  nerve-centres 

after  a    more    or    less    extended 

course,  breaks  up  into  a  terminal 

arborescence      enveloping      other 

nerve-cells ;    the    collaterals    also 

terminate  in  a  similar  way*     The 

longest  type   of  axis  cylinder  is 

that  which  passes  away  from  the  nerve-centre,  and  gets  bound  up 

with  other  similarly  sheathed  axis  cylinders  to  form  a  nerve;  but 


,  210,— Cerebral  cortex  of  mAiiinml,  pre[j»red  , 
try  Golgi'v  method,  a,  i*,  t ,  ii,  r,  iieTTeH»»Ufl  |  \ 
«,  btiuiDgUm-celL    (EkinQn  jr  Cijal.) 
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^  all  ultimately  terminate  in  an  arborescence  of  fibrils  in  various  end 
organs  (end-plates,  muscle  spindles,  etc.). 

In  the  grey  matter  of  the  cerebrnm  the  nerve-cells  are  various  in 
shape  and  size,  but  the  ruost  characteristic  cells  are  pyramidal  in 
shape*  They  are  especially  large  and  numerous  in  what  are  called 
the  motor  areas  of  the  brain.  The  apex  of  the  cell  is  directed  to  the 
surface;  the  apical  process  is  long  and  tapering,  and  finally  breaks 
up  into  fibrils  that  lie  parallel  to  the  surface  of  the  brain  (tangential 
/bre^y     From  the  lower  angles  and  other  parts  branching  proceaaea 
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Fir  J.  iM  U— Ceil  of  Fltrhllt^  fram  tbe  htuiiAn  (Emboli  iitii. 
(After  SffyTnonowici.) 
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oncjinate ;  the  axis  cylinder  comes  off  from  the  base  of  the  pyramid, 
(See  figs.  209,  210). 

The  grey  matter  of  the  cerebellum  contains  a  large  numljer  of 
small  nerve-cells,  and  one  layer  of  large  cells.  These  are  flask -shaped, 
and  are  called  the  cells  of  Fiirkinje.  The  neck  of  the  flask  breaks  up 
into  branches,  and  the  axis  cvlinder  process  cornea  ofl^  from  the  base 
of  the  flask  (fig.  211). 

The  whole  nervous  system  consists  of  nerve-cells  and  their 
branches,  supported  by  neuroglia  in  the  central  nervous  system,  and 
by  connective  tissue  in  the  nerves.  Some  of  the  processes  of  a 
nerve-cell  break  up  almost  immediately  into  smaller  branches  ending 
in  arborescenced  of  fine  twigs ;   these  branches,  which  used  to  be 
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ealled  protoplasmic  proeessea,  are  now  termed  deTuiroTis.  One  branch 
becomes  the  long  axis  cjlindet  of  a  nerve-fibre,  but  it  also  ultiinately 
terminates  in  an  arborisation ;  it  is  called  the  axis  cylinder  process, 
or,  more  briefly,  the  asami.  The  term  neuron  or  nmram  is  applied  to 
the  complete  nerve-unit,  that  is,  the  body  of  the  cell,  and  all  its 
bratichea.  Some  observers  have  supposeti  that  the  axis  cylinder  pro- 
cess is  the  only  one  that  conducts  nerve  impuleeSi  the  dendrons 
being  rootlets  which  suck  up  nutriment  for  the  nerve-celL  This 
view  has  notj  however,  been  accepted ;  the  dendrons  may  be  nutri- 
tive, but  there  is  no  doubt  that  they  also,  like  the  rest  of  the  nerve- 
unit,  are  concerned  in  the  conduction  of  nerve  impulses,  A  strong 
piece  of  evidence  in  this  direction  is  the  fact  that  the  fibrils  of  the 

axis  cylinder  may  be  traced 

through  the   body  of    the 

cell  into  the  dendrons. 

The  next  idea  which  it 

MX*""^^  /  ^^PA  ^®  necessary  to  grasp  is,  that 

each  nerve-unit  (cell  plus 
branches  of  both  kinds)  is 
anatomically  independent 
of  every  other  nerve-unit. 
There  is  no  true  anasto- 
mosis of  the  branches  from 
one  nerve-cell  with  those  of 
another;  the  arborisations 
interlace  and  intermingle, 
and  nerve  impulses  are 
transmitted  from  one  nerve- 
^g  unit  to  another,  tlirough 
contiguous,  but  not  through 
continuous  struetiu'es,  A 
intermingling  of    arborisations    is 


Flo,  ilH— Reflex  ftctiotk. 


convenient    expression   for  the 
synapse  (literally,  a  clasping). 

Fig.  212  is  a  diagram  of  the  nervous  path  in  a  reflex  action. 
Excitation  occurs  at  S,  the  skin  or  other  sensory  surface,  and  the 
impulse  is  transmittetl  by  the  sensory  nerve-fibre  to  the  nerve- 
ceutre,  where  it  ends  not  in  a  cell-body,  but  by  arborising  around 
one  or  more  eel  N  bodies  and  their  dendrons.  The  only  cell -body  in 
actual  continuity  with  the  sensory  nerve-fibre  is  the  one  in  the  spinal 
ganglion  (G)  fi'om  which  it  grew. 

The  terminal  arborisation  of  the  sensory  nerve-fibre  merely  inter- 
laces with  the  dendrons  of  the  motor  nerve-cell ;  yet  simply  by  this 
8}Tiapse,  the  motor  nerve-cell  (M  C)  is  affected  and  sends  an  impulse 
by  its  axis  cy Under  process  to  the  muscle  (M). 

A  very  rough  illustration  which  may  help  one  in  realising  this 
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may  be  taken  as  follows:  Suppose  two  trees  stondiBg  side  by  side; 

their  stems  will  represent  the  axis  cylinders;   their  branches  the 

dendrons.     If  the  trees  are  close  together  the 

brandies  of  one  will  intermingle  with  those  of 

the  other :  there  is  no  actual  branch  from  the 

one  which  beconia's  continuous  with  any  branch 

of  the  other;   luit  yet  if  the  stem  of  one  is 

vigorously  shaken,  the  close  intermixture  of 

the  branches  will  affect  the  other  so  that  it  also 

moves. 

Another  very  important  general  idea  which 
we  must  next  get  hold  of,  is  that  a  nervous 
impulse  does  not  necessarily  tra^^el  along  the 
same  nerve-fibre  all  the  way,  but  there  is  what 
we  may  term  a  system  of  relays.  The  nervous 
system  is  very  often  compared  to  a  telegraphic 
system  throughout  a  coimtry.  The  telegraph 
offices  represent  the  ner^^e-centres^  the  afferent 
nerve-fibres  correspond  to  the  wires  that  carry 
the  messages  to  the  central  offices,  and  the 
efferent  nerve-fibres  are  represented  by  the  wires 
that  convey  messages  from  the  central  offices  to 
more  or  less  distant  parts  of  the  country.  This 
illustration  will  serve  us  very  well  for  our 
present  purpose,  provided  that  it  is  always  re- 
membered that  a  nervous  impulse  is  not  elec- 
tricity. Suppose,  now,  one  wishes  to  send  a 
message  from  the  metropolis,  which  will  repre- 
sent the  braiui  to  a  distant  house,  &ay  in  the 
Highlands  of  Scotland.  There  is  no  wire  straight 
from  London  to  that  house,  but  the  message 
ultimately  reaches  the  house ;  one  wire  takes 
the  message  to  Edinburgh ;  another  wire  carries 
it  on  to  the  telegraph  station  in  the  town 
nearest  to  the  house  in  question ;  and  the  last 
part  of  the  journey  is  accomplished  by  a  mes- 
senger on  foot  or  horseback.  There  are  at  least 
two  relays  on  the  journey. 

It  is  just  the  same  with  the  nervous  system. 
Suppose  one  wishes  to  move  the  arm ;  the  im- 
pulse starts  in  the  nerve-cells  of  the  brain,  but 
there  are  no  fibres  that  go  straight  from  the 
brain  to  the  muscles  of  the  arm.  The  impulse 
travels  down  the  spinal  cord,  by  what  are  called  pyramidal  fibres, 
which  form  synapses  with  the  ner^^e-cells  of  the  spinal  cord,  and 
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Fin.  119.— Dtigr&ni  of  »n  elis* 
ment  of  tbe  motor  path. 
UA,  upper  seguiffot  J 
L.8.,  lower  ««giii«Eit  i 
C^V*,  coll  of  oenbiml  coF" 
tex ;  aC,  cell  of  fiptoftl 
eurd,  in  Ulterior  eomu  ■ 
M.,  the  muse  to  ;  B.^  pAth 
from  senitory  nnn^e  nrntf, 
{After  Oowdrm.) 
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from  these  calls,  fresh  nerve-fibres  pass  on  the  unpulae  to  the 
ann-muscles-  This  is  shown  in  the  accompanying  diagram  (%, 
213).  The  cell  of  the  cerebral  grey  matter  is  represented  by  C.  C,j 
the  pyramidal  nerve-fibre  arborises  around  the  ceU  of  the  spinal 
cord  (S.  Q)  from  which  the  motor  nerve-fibre  arises,  and  which 
carries  on  the  impulse.  The  spinal  cord  cells  are  thus  surrounded 
by  arborisations  (sjmapses)  derived  not  only  from  the  sensory 
nerves  (S),  but  by  fibres  from  the  upper  part  of  the  nervous  system. 
We  now  see  how  it  is  possible  that  reflex  actions  in  the  cord  may 
be  controlled  by  impulses  from  the  brain. 

The  system  of  relays  is  still  more  compheated  in  the  case  of 
sensory  impulses,  as  we  shall  see  later  on ;  the  same  is  true  for  the 
motor  path  to  involuntary  muscle,  accessory  cell-atationB  being  situated 
in  the  sympathetic  ganglia. 

We  may  now  return  for  a  moment  to  the  subject  of  degeneration. 
If  the  nerve-fibre  is  cut  off  from  its  connection  with  the  spinal  nerve- 
cell,  the  peripheral  end  degenerates  as  far  as  the  muscle. 

Suppose,  now,  the  pyramidal  fibre  were  cut  across,  the  piece  still 
attached  to  the  brain-cell  would  remain  in  a  comparatively  normal 
condition,  but  the  peripheral  end  would  degenerate  as  far  as  the 
synapse  round  the  spinal  cell  (S.  C),  but  not  beyond.  We  can  thus 
use  the  degeneration  method  to  trace  out  tracts  of  nerve-fibres  in 
the  white  matter  of  the  central  nervous  system.  The  histological 
change  in  the  fibres  is  here  the  same  as  that  already  described  in  the 
nerves,  except  that,  as  there  is  no  primitive  sh^^th,  there  can  be  no 
multiplication  of  its  nuclei ;  there  is  instmd  an  over-growth  of  neuroglia. 
Degenerated  tracts  consequently  stain  differently  from  healthy  white 
matter,  and  can  be  by  this  means  easily  traced. 

Another  method  of  research  which  leads  to  the  same  results  as 
the  degeneration  method  is  called  the  embryological  method  The 
nerve-fibres  which  grow  from  different  groups  of  nerve-cells  become 
fully  developed  at  different  dates,  and  so,  by  examining  brains  and 
cords  of  embryos  of  different  ages,  one  is  able  to  make  out  individual 
tracts  before  they  have  blended  in  the  general  mass  of  white  matter. 

We  shaU,  however,  return  to  this  subject  when  later  on  we  are 
studying  the  physiology  of  the  central  nerv^ous  system  in  detail 


The  Signiflcance  of  Nissrs  Granules. 

If  portions  of  the  brain  or  spinal  cord  are  fixed  in  absolute  alcohol, 
and  sections  obtained  from  the  hardened  pieces  are  stained  by  means 
of  methylene  blue,  the  nerve-cells  exhibit  a  characteristic  appearance. 
The  nucleus  and  nucleolus  take  up  the  blue  stain,  but  the  total 
amount  of  chromatin  present  in  the  nucleus  is  not  large,  except  in 
embryonic  nerve -eel  Is ;  throughout  the  cell  body  a  number  of  angular- 
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shaped  maasas,  which  are  termed  NissPs  granules,  are  also  stained 
blue.  These  extend  some  distance  into  the  dendrona,  but  not  into 
the  axon.  The  siibatance  of  which  they  are  composed  ia  tenned 
ehr&maicplmm,  or  chromaphilic  maieriaL  The  existence  of  granules 
in  cells  which  have  an  affinity  for  basic  dyes  like  methylene  blue 
is  not  at  an  common ;  the  granules  in  the  majority  of  the  white  Ijlood 
corpuscles,  for  inatancGj  liave  an  affinity  for  acid  dyes-  Micro- 
chemical  methods  have  shown  that  the  main  constituent  of  the  Kissl 
granules  is  an  iron -containing  nncleo-protein.  The  name  kincto- 
ploAm  has  been  given  to  it  by  Marineaco  in  order  to  express  the  idea 
that  it  forms  a  source  of  energy  to  the  ceU.  It  can  hardly  be  denied 
that  the  substance  of  which  the  granules  are  composed,  forming  as 
it  does  80  larg©  a  proportion  of  the  cell-contents^  and  made  of  a 
material  in  which  nuclein  forms  an  important  constituent/is  intimately 
related  to  the  nutritional  condition  of  the  neuron.  Some  have  even 
compared  it  to  the  granular  material,  which  is  present  in  secreting 
cells;  in  these  cells  before  secretion  occurs,  the  granules  accumulate, 
and  during  the  act  of  secretion  they  are  discharged  and  converted 
into  constituents  of  the  secretion.  It  is  stated  by  some  observers 
that  the  Nissl  granules  are  used  up  during  the  discharge  of  energy 
from  nerve-cells,  and  it  certainly  is  the  case  that  if  the  cells  are 
examined  after  an  epileptic  fit,  in  which  there  has  been  a  very  massive 
discharge  of  impulses,  the  Nissl  granules  have  disappeared ,  or  at 
least  broken  up  into  fine  dust^like  particles,  so  that  the  cell  presents 
a  more  uniform  blue  staining  (see  fig,  214),  It  is,  however,  doubt- 
ful whether  this  is  due  to  a  transformation  associated  with  intense 
activity,  or  whether  it  may  not  be  caused  by  venoaity  of  the  blood. 
The  cells  are  very  sensitive  to  altered  vascular  conditions ;  anaemia, 
for  instance,  produces  a  similar  change  accompanied  with  swelling  of 
the  cell,  and  swelling  and  in  extreme  cases  extrusion  of  the  nucleus. 
High  fever  (hj^ierpyrexia)  causes  a  very  similar  change,  which  is 
doubtless  associated  with  the  coagulation  of  the  proteins  of  the  cell- 
protoplasm  by  the  high  temperature. 

Since  attention  has  been  directed  towards  the  Nissl  granules,  a 
literature  which  has  become  alarmingly  vast  during  the  last  few  years 
has  sprung  up  in  relation  to  them.  This  is  quite  easy  to  understand, 
lor  neurologists  have  by  this  sensitive  test  t^een  able  to  identify 
changes  in  the  ceUs  which  could  not  be  detected  by  the  previous 
methods  of  staining.  Thus  the  cells  have  been  examined  in  various 
diseases,  and  after  being  subjected  to  the  action  of  various  poisons. 
In  a  new  subject  of  this  kind  there  is,  as  would  be  expected,  consider- 
able divergence  of  views,  and  even  the  fundamental  question  has  not 
yet  ijcen  answered  satisfactorily  whether  the  Nissl  granules  are  present 
as  such  in  the  living  cell,  or  whether  tliey  are  artifacts  produced  by 
the  fixative  action  of  strong  alcohol     The  fact  that  they  cannot  m 
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demonstrated  when  the  cells  are  stained  by  the  injection  of  methylene 
blue  into  the  cireulation  before  the  animal  is  killed  is  a  very  strong 
piece  of  evidenco  in  favour  of  the  latter  view.  But,  whichever 
view  is  correct,  the  method  is  a  vahiabi©  one,  and  Niasl's  ^*iew8  on 
this  question  appear  to  be  indisputable  i  they  are  briefly  as  follows : — 
Healthy  cells  fLxml  and  stained  in  a  constant  manner  will  appear  die 
same  under  constant  optical  couditions,  and  the  appearances  then 
seen  form  the  equivalent  of  such  healthy  cells  during  Ufa  It  follows 
that  if  the  cells  prepared  by  the  same  method  and  examined  under 
the  same  conditions  show  a  difference  from  the  equivalent  or  symbol 
of  healthy  cells,  the  difference  is  the  measure  of  some  change  that 
has  occurred  during  life. 

Chromatolpsis  is  the  term  applied  to  designate  the  disappearance 
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Fjo.  214^—1^11^11^8  gnuulefl.  A.  Nomial  [iyraiii[ila,l  cell  of  huinan  f^orebral  otirtflx.  II,  Swollen  ainlt- 
mitcua  pjmmidfti  cttM  f^m  i  csa&  of  i^tui  epflflptkus.  Notice  dlltu^e  AtAEning^  Hnd  stMincft  of 
NLimrn  grKnutaa;  ihti  nncleufl  isi  enUr^i^cl  knd  eccetitrie,  Tbe  lymph  fpac«  Around  tha  cHl  im 
fUI^l^tvK  C^  PyrKmldl&i  eeH  of  fJ<jif>^  after  Jilpmtur«  of  v<>n.HeliJ  i^fng  to  brain  and  cons^r]  lmhiI  anwmta^ 
I^oUoe  great  swelling  of  the  tineleus,  and  arlviinc^l  clirorn«&olytt|j|»  moitt  nifttk(Kl  At  the  periptiory 
ofihflCfilU    TOOdUmnteni,    (After  Uutt.) 

or  disintegration  of  the  Kiss!  granules.  Tlie  process  generally  begins 
at  the  periphery  of  the  cell  and  in  the  dendrons,  but  in  advanced  casas 
the  whole  cell  may  Ije  affected.  We  have  already  alluded  to  the  fact 
that  chromatolysis  occurs  in  various  abnormal  states,  and  the  diminu- 
tion of  the  chromophilic  nuclco-protein  indicates  a  diminution  of  the 
vital  interaction  of  the  highly  phosphorised  nucleus  with  the  sur- 
rounding cell  protoplasm.  Chromatolysis  alone  is  not  indicative  of 
cell  destruction,  and  a  cell  may  recover  its  function  afterwards.  The 
integrity  of  the  nucleus  and  of  the  fibrils  between  which  the  Xissl 
substance  lies  is  mucli  more  important  to  the  actual  vitality  of  the  celL 
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When  a  nerve-fibre  is  cut  across^  the  distal  sagment  undergoes 
Walleriaa  degeneration ;  this  is  an  acufce  changa  But  the  nerve-cell 
and  the  piece  of  the  nerve-fibre  still  attached  to  it  do  not  remain  un- 
affected. If  regeneration  of  the  fibre,  and  restoration  of  function 
takes  place,  no  change  is  observahla  But  if  regeneration  does  not 
occur  (and  it  never  takes  place  in  the  central  nervous  system),  the 
cell  and  its  processes  undergo  a  slow  chronic  wasting;  one  of  the 
earliest  signs  of  this  disuM  atrophy  is  chromatolysis.  Warrington 
has  recently  stated  a  still  more  interesting  fact,  namely,  that  section 
of  the  posterior  roots  causes  chromatolysis  in  the  anterior  horn  cells 
of  the  same  side;  this  indicates  that  the  loss  of  sensory  stimuli 
produces  a  depression  of  the  activity  and  metabolic  functions  of 
the  spinal  motor  cells.  We  shall  see  later  on  that  this  accords 
quite  well  with  the  physiological  effects  observed  under  these  con- 
ditions. 


Classiflcatioii  of  Nerven^ells  according  to  their  Functioa. 

In  addition  to  the  anatomical  classification  of  the  nerve-cells 
already  given,  Schiifer  separates  them  into  four  cMef  classes  on  a 
physiological  basis  :-^ 

1.  Afferent  or  sensory  root  cells- 

2.  Efferent  root  cells. 

3.  Intermediary  cells. 
4  Distributing  cells. 

1,  Aff&rtni  root  cells. — ^Originally  such  cells  are  situated  at  the 
periphery,  and  are  connected  with  a  process  or  afferent  fibre  which 
passes  to  and  arborises  among  the  nerve-cells  of  the  central  nervous 
system.  This  primitive  condition  is  well  seen  in  the  earth  worm,  and 
persists  in  the  olfactory  cells  of  all  vertebrates. 

As  evolution  progresses,  the  peripheral  cell  sinks  below  the  in- 
tegument, leaving  a  process  at  the  surface ;  this  is  seen  in  the  worm 
Nereis  (see  fig.  215),  Ultimately  the  body  of  the  cell  approaches 
close  to  the  central  nervous  system,  in  the  spinal  ganglion  of  the 
posterior  root,  and  the  peripheral  sens^ijry  nerve- fibre  is  correspond- 
ingly longer. 

The  afferent  root  cells,  such  as  those  of  the  spinal  ganglia  and 
the  corresponding  ganglia  of  the  cranial  nerves,  are  pecuHar  in 
possessing  no  dendrons. 

2.  Efferent  root  ceth.^The  anterior  horn  cells  of  the  spinal  cord 
are  instances  of  these ;  their  axons  go  directly  to  muscle  fibres* 

3*  Iniermsdiary  cells. — Tliese  receive  impulses  from  afferent 
cells,  and  transmit  them  either  directly*  or  indirectly  through  other 
intermediary  cells  to  efferent  cells*  The  majority  of  the  cells  of  the 
brain  and  cord  come  under  this  heading;  they  serve  the  purposes  of 
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find  co-ordination,    and    foiin  the  basis   of    psychical 

4  IHdrihuHng  «//«.— These  are  the  cells  of  the  sympathetic 
Bglis;  ihfjy  are  situated  outside  the  central  nervotis  system;  they 
iiire  impnliM^N  from  efferent  cells  in  the  central  nervous  system, 
Idfithbtito  thorn  to  involuntary  muscles  and  secreting  glands. 


^Lrth^omi 
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f^io.  Itfu  -iJiwgriiiii  W  llhaHtrHtfi  thf>  primitive  contHtloiia  of  th4  liflhnmt  iiervQ»cnll,  uai  the  nutmer  iu 
wttli;li  li  trnMimrai  AlUinHl  In  th<<<  [sroooiiii  of  ovoiutron.  (Afler  Eetiiui.)  t,  integiiiDeat;  Ci  cantTml 
iMirvtniii  RjTMtitrit ;  Lha  irrcjiWK  tliow  thn  [||r«ctton  In  whlcb  the  lmpulii«  piijisfa. 

7%6  Law  qf  Axipeial  Oondtictum. 

A  MUetikl  law  has  been  laid  down  by  van  (lehuehten  and  Cajal, 
tlijit  all  nerve  ini|iulses  are  axipetal,  that  is,  they  pass  towards  the 
nrijyiliirtent  uf  the  axon,  by  which  they  leave  the  body  of  the  cell. 
Ill  other  wonlH»  the  direction  of  an  impulse  is  towards  the  body  of 
th«  cell  in  the  dendrons,  and  away  from  it  in  the  axon.  When  w© 
fuftlior  consider  that  every  nervous  pathway  is  formed  of  a  chain  of 
imlli,  Afid  that  the  impulHo  always  takes  the  "forward  direction,"  we 
Htm  ttint  Mu^ro  in  wtirit  we  may  compare  to  a  valved  action  which 
jmrUiltM  tho  pasMafjcf  of  impulses  in  one  direction  only.  The  synapses 
iifii  ttm  MltuaMonn  of  tlicso  so-called  valves. 

(If*  tlio  finwrtnl  [-ropfr^fatifni  of  a  nerve  impulse  through  a  chain 
of  nrtnroiiM,  lin  j^i  >  ri  dohiyed  at  each  synapse,  hence  there  is 
fiildlMortal  "  lowt  Uun  ^i  -  j^  h  of  those  blocks.  The  relative  number 
i»f  lliM  ItUii^Un  fiiiKlhln  a  I  ny  to  tho  differences  found  in  reaction 
tium  f**r  dilloniiit  rtiih^xim  uiitl  psychical  processes.  This  we  may 
lUHMtltitit  Uy  two  iiAuinpltm,  one  taken  from  the  frog,  the  other  from 
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1*  If  a  frog*s  posterior  root  is  stimulated,  the  tinie  lost  in  the 
spinal  cord  whan  the  gastrocnemius  of  the  same  side  contracts  is 
ODOS  sec.;  if  the  opposite  gastrocnemius  contracts,  the  additional 
lo&t  time  is  0004  sec*  If  we  assume  that  in  the  latter  case,  two 
extra  synapses  have  to  be  jumped,  the  delay  at  each  is  0002  sec. 

2.  In  the  case  of  the  eye  and  ear  in  maii  the  total  length  of  the 
pathway  to  the  brain  is  approximately  the  same,  and  so  the  reaction 
times  might  he  expected  to  be  equal ;  hut  this  is  not  the  case ;  the 
reaction  time  in  response  to  a  sudden  soimd  is  0"150  sec,  in  response 
to  a  sudden  flash  of  light  0*195  sec.  The  greater  delay  in  response 
to  a  visual  stimulus  directly  corresponds  to  the  greater  number  of 
synapses  through  which  it  has  to  travel  (see  later,  in  the  striicfcure 
of  the  visual  and  auditory  mechanisms). 

The  valved  condition  of  ner%^ous  paths  also  explains  another 
difficulty.  We  have  seen  in  p,  17S  that  under  certain  circumstances 
a  nervous  impulse  will  travel  in  both  directions  along  a  nerve.  Yet 
when  we  stimulate  the  motor  fibres  in  an  anterior  spinal  root,  the 
only  effect  is  a  contraction  of  muscles ;  there  is  no  effect  propagated 
backwards  in  the  spinal  cord  No  doubt  a  nervous  impulse  does 
travel  backwards  to  the  anterior  horn  cells,  but  it  is  there  extin- 
guished, it  cannot  jump  the  synapses  backwards,  and  there  is  no 
negative  variation  to  be  detected  in  a  galvanometer  connected  to  the 
pyramidal  tracts  in  the  cord 

The  law  of  a xi petal  conduction  is  no  doubt  true  for  the  majority 
of  neurons.  But  there  is  at  any  rate  one  very  striking  exception, 
namely,  in  the  typical  afferent  root  cells ;  here  the  impulse  passes 
to  the  body  of  the  cell  by  one  axon  from  the  periphery^  and  away 
from  it  to  the  spinal  cord  by  the  other*  To  say,  as  some  do,  that  the 
peripheral  process  is  really  a  dendron  because  it  conducts  impolsea 
centrifugally  is  simply  arguing  in  a  circle. 
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TUK  cmoULATORT  SYSTEM 

TlfK  nlrnnUiUfvy  wywtom  consists  of  the  hmri,  the  arkrimj  or  vessels 
ilmh  ciirry  iho  blood  from  the  heart  to  other  parts  of  the  body,  the 
pitmn,  or  vouboIh  that  carry  the  blood  back  to  the  heart  again,  and  the 
mwUlarm.ii  iiotwork  of  minute  tubes  which  connect  the  terminations 
m  i\m  ^riialh^Ht  artories  to  tlie  commencaments  of  the  smallest  %^eina. 
Wit  Hhall  Jilso  have  to  consider  in  oonnection  with  the  circulatory 
t^yn^M^u\,  (l)t()e  lymphatics,  which  are  vessels  that  convey  hack  the 
lyaiiiii  (thci  rtuid  which  exudes  through  the  thin  walls  of  the  blood- 
CMqriUurioH)  to  the  lai^e  veins  near  to  their  entrance  into  the  he-art, 
and  (2)  ih(3  large  lymph  spaces  contained  in  the  serom  msmhranes. 

The  Heart. 

ThiH  ift  the  great  central  pump  of  the  circulatory  system.  It  lies 
\v\  the  chaHt  bc^tween  the  right  and  left  hmgs  (fig,  216),  and  is 
niicfijiif^l  III  a  covering  called  the  pe^ijcardium.  The  pericardium  ia 
an  iuwtance  of  a  serous  membrane.  Like  all  serous  membranes  it 
uannhln  nt  two  layers ;  each  consists  of  fibrous  tissue  containing 
nhinilc  llbnirt;  one  layer  envelopes  the  heart  and  forms  its  outer 
(iijviiiifjg  at  ^irmirdium;  this  is  the  insceral  layer  of  the  pericardium; 
IJm;  tiihtii  Inynr  of  tlio  pericardium,  called  its  parietal  layer,  is  situ- 
iiivA  4t  mnni\  WllUs  diMtance  from  the  hearty  being  attach^  below  to 
thu  Aui\i\miyt}i\,  iIhi  j^artitiou  Imtween  the  thorax  and  the  abdomen. 
Tt*«*  vii*tit3*4l  and  pai'ji^bil  layers  are  continuous  for  a  short  distance 
4l'tii^  tin*  iiriMit  v«ad«lii  at  the  btise  of  the  heart,  and  so  form  a 
ii  \  ..  1"hitt  Mac  ia  Uiiod  by  endothelium;  in  health  it  contains 
(i,  .,{h  1)11*1  lb  (i**MicanliaI  fluid)  to  lubricate  the  two  surfaces 

tuol  r-iiuiphi  UiiHn  tu  |{litb  i*vor  eaoh  other  smoothly  during  the  move- 
UH  iiLi  lit  thu  hiifirt.  1'hu  [inmonoa  of  elastic  fibres  in  the  epicardium 
t.  L  W  follow  without  hindrance  the  changing  shape  of  the 

u  If  i  luit  tluj  ijurlutal  layf*r  of  the  pericardium  appears  to  be 

ii  ^.tii.  iiitii  Mu  It  Itiitilii  tlio  ililatatton  of  the  heart. 

I  \h  m  i;\mt]iHmlively   nlrnple  serous  membmne*  because  the 
t  tiutflu  true  uf  nhuiilu  o&t«}miil  form^    All  aeroufl  naembranes 
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are  of  similar  strocti 

which  encloses  the  i 

The  great  compleii^ity  of  tibe  i 

Every  serous  meinbruK  tsmmUti  «f  m  ftiessi  H^vr  api 

il  Aldoses ;  i^d  a  parietal  layer  uu^imaiat  vtt  t^  ia  t 

or  body-waik. 

The  Chamtafs  of  ihm  Smmx^—Tbe  iotenor  cf  tim  ImtM  is 

div  ided  bj  a  longitudiial  putttknt  inlo  two  cfaisf  oivities — i^l  and 
left.  Each  of  these  chmWn  is  again  sabdi^ided  Irutsvendy  into 
an  upper  and  a  lower  portbn,  caBed  iwpeeiiydy,  aniidto  aad '  *  * 
which  freely  conTnuinfeate  one  witli  Ihe  oliis';  tlie  aperluze  of 
munication,  however,  is  guarded  bj  valres,  aa  disposed  as  to 
blood   to   pass   freelir  from  _^^ 

the   auricle   into  the  ven-  V       -^.^ 

tride,  but  not  in  ihe  oppo- 
site direction.  There  are 
thus  lour  cavities  in  the 
heart — the  auride  and  ren- 
tride  of  one  side  being 
quit©  separate  froni  thorn 
of  the  orfier  (figs.  217.  218X 

Thfrighl  auricle  is  mtu- 
ated  at  the  right  part  of  Ihe 
base  of  the  heart  in  front. 
It  is  a  thiu  wailed  ea¥ity 
of  quadrilateral  sbape^  pm- 
longed  at  one  comer  into  a 
tongue-shaped  portion,  tlie 
right  auricular  ajipmdixt 
which  slightly  OTcrlaps  the 
exit  of  the  aorta,  from  the 
heart. 

The  interior  is  smoothg 
being  lined  with  the  general  lining  of  the  heart,  the  mdocaniiumt 
and  into  it  open  the  superior  and  inferior  venae  cavse,  or  great  veins, 
which  convey  the  blood  from  all  parts  of  the  body  to  the  heart. 
The  opening  of  the  inferior  cava  is  protected  and  partly  covered  by 
a  membrane  called  the  Eustaehmn  valve.  In  the  posterior  wall  of 
the  auricle  is  a  alight  depression  called  the  fossa  ovalis,  which  oorre- 
sponds  to  an  opening  between  the  right  and  left  auricles  which 
exists  in  foBtal  life.  The  coronary  sinuSj  or  the  dilated  portion  of  tlie 
left  coronary  veiUi  also  opens  into  this  chamber. 

The  riffht  ventrick  occupies  the  chief  part  of  the  anterior  surface 
of  the  heart,  as  well  as  a  small  piurt  of  the  posterior  surface ;  it  forma 
the  right  margin  of  the  heart.  It  takes  no  part  in  the  formation  of 
the  apex.     On  section  its  cavity,  in  consequence  of  the  encroachuiLHit 
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ipon  it  of  the  septum  ventiiculoruin,  is  creficentic  (fig*  219);  into  it 

t«Te  two  gpeninga,  the  auriculo- ventricular  at  tho  base  and  the  opening 

of  the  pulmonary  artery  also  at  the  base,  but  more  to  the  left ;  both 

orifices  are  guarded  by  valves,  the  former  called  tricu^id  and  the 


/i 


i^' 


Pio.  217.— The  riglkt  aurii^le  imd  rentridlo  oi^n^,  &ud  m  pirt  of  thefr  rlgbb  uid  uiterkiT  «'iill«  remorofij 
to  ift  to  show  their  ititerlofp  ij.—  1 ,  iuperiot  ven^  ciiv»  -  2*  Inferior  vena  cava  ;  ^,  hepttlc^  "ralna  oai 
ibort'  £,rlglit  nurirlQ  ;  Z\  placed  lu  tbe  foAiia  ovjilli^^  bulow  which  is  Ui«  BusUchian  valvSi  8'^,  ti 
plma  ciOM  to  the  Hjj^rturB  of  the  coroDitry  vein ;  +  +,  pt&C'Oti  in  the  nurlcalo-veulricuUT  grooT«, 
vrti«f«  *  imiTOH"  iK»rtioii  of  ths  adjacent  w*Ub  of  the  ».«ric|«  jmd  visntricls  Iim  be«D  ptBserven ;  *,  4, 
Mvlty  of  tLhfl  right  voiitricle,  the  vplMnf  Aguru  lit  Immediitely  beiaw  XtiA  MsniiluDAr  vilvM-  4\  Imrei! 
tW^mniift  caiTteA  or  mane uiuHpA pill nrlji;  fit^p  &%  trtcuspid  vidvfl;  0,  pUeed  hi  the  Laterior  of  tnu 
pulmoiuiTy  ftrti*ry,  »  psirt  of  the  apterltir  w»U  uf  tliAt  veasAl  havtpg  bani  nmovtid,  And  ■  nKrraw 
|Mift)on  of  It  pr«^i-v«^  at  Its  cotumeneeEuetit,  whtire  tbe  iii;miliiiiar  vs1ve«  are  attached ;  T,  trcticavity 
of  tb«  iiO'rtkT  arch  cloiw  to  the  eonl  of  the  ductus  srteriuiiiiit :  8^  ascend  lug  part  or  sinus  of  the  arch 
ci^fVTtd  at  its  comiiiBnceinent  by  the  audcuiat  appencliK  and  pulmctoary  aitery ;  D,  placed  between 
tba  luuoDiSiiatti  uid  left  carotid  aiteden ;  ID,  sppcndlx  of  tbt  left  auricle-  11,  11,  the  outside  of  ibs 
left  ventriiJle,  the  lowar  rtgnre  ji^si  llie  ajici.    (Allen  ThomsoiuO 

latter  mmilunar.     In  this  ventricle  are  also  the  projections  of  the 
muscular  tissue  called  coluvuim  camtm  (described  at  length,  p.  212). 

Hit  10  auricle  is  situated  at  the  left  and  posterior  part  of  the 
base  of  the  heart,  and  is  beat  seen  from  behind.  It  is  quadrilateral, 
and  receives  on  either  side   two  pulmonary  veins.     The  auricular 
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appeEtdJJc   is  &e  c»iil3r  part  of  Ihe  amide  seen  bom  the  fronts  and 
corresponds  wiUi   that  on   the  right  side,  bat  m  thicker,  and  the 


% 


f^fi,  318^^— Tlie  laft  ituiele  wn4  vefitrfdfl  opened  aiid  s  part  of  their  uiterlnr  uid  lefl  wallt  removad.  L 
-  The  piilixioiauM7  utery  bis  baea  dlvfoed  ml  ttt  comnumoBinant;  Uia  o[K?nmg  iitto  thflkll  veulrJcle 
bi  ckETiecl  ft  tluMt  diiUnc*  Into  tli»  aorta  betwoaii  t«vo  of  the  tm&DmU  oTibe  e?miluii«r  vftlv« ;  «nd 
tlw  IttRi  put  of  the  fturtcle  with  Itn  appendix  haa  been  rvrinoveC  The  dF;ht  turi^^le  U  out  of  vlnw. 
1,  tli«  tvi-orii^ht  ptiJ tQOiiarjr  vitiiu  cut  ihort ;  their  cipeniHgA  Are  eeeu  wittiln  the  auriclis  i  l\  pikcH 
wttbio  the  cavity  ot  ihe  auricle  on  the  left  4idf^  of  the  Aeptum  and  on  the  part  which  forma  the 
remmiiu  of  the  valve  of  the  foranipn  ovftle,  of  which  the  ccesoeotic  fbtd  !■  «e«n  towaiijii  the  left  hand 
of  I' ;  3,  a  riarrow  poniou  of  ili^e  wall  of  the  auHcle  and  ventricld  pf«flerv«d  roood  ttM  anTi(mlo> 
^entncalaroriBioe;  S^  i\  the  cut  Hurface  of  Urn  ytt}]*  of  tlie  rentjiclcT  aeen  to  beooime  irenr  maeh 
thinner  towardA  3"*  at  the  apt-^ ;  4,  a  stnall  part  of  the  anterior  wtll  of  the  left  Tentricle  Mrhkh  hae 
btm  preserved  wllh  the  priiicipal  interior  colnmna  camea  or  muaetihii  fwpilJftrfa  attacheil  to  It ; 
&,  fi|  moactfU  papiliarefl ;  y,  the  left  eide  of  the  Msptam,  betireen.  the  two  ventdeleii^  within  Ihn 
eavity  of  the  left  vfintrlcle:  6,  fl%  th«  mitral  valve;  7,  placfHl  in  the  interior  of  the  aorta,  oear  Ita 
oommencemeiit  and  above  the  three  ■egnienta  of  itM  Beuilluiiar  vmlve  whirli  ore  hanglog  looeely 
together;  I'm  the  exterior  of  the  great  aortic  «hiii4;  E,  the  root  of  the  pnlmonai^  artery  and  itt 
aemllnnar  valvet;  8'^  the  eeimraLed  portjon  of  the  pulmonary  nrterr  rvmalulng  attached  to  Ihe 
aorta  by  ^i  the  eord  of  the  ductuj  arterloflus :  10»  tlie  *rterie!i  Hning  ttom  the  lummlt  of  the  aortlo 
tr^.    (Alien  Thomion.) 


interior  is  Binoother,     The  left  auricle  is  only  slightly  thicker  than 
the  right.     The  left  auriculo-ventricidar  orifice  is  ov^al,  and  a  littlu 
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smaUer  than  that  on  the  right  side.  There  is  a  depression  on  the 
aeptum  between  the  auriclea,  which  is  a  vestige  of  the  foramen 
between  them,  that  exists  in  foetal  life. 

Th&  kft  ventricle  occupies  the  chief  part  of  the  posterior  stirfaca 
In  it  are  two  openings  very  close  together,  viz.,  the  auriculo-ventri- 
ciilar  and  the  aortic,  guarded  by  the  valves  corresponding  to  those  of 
the  right  side  of  the  heart,  viz,,  the  bicuspid  or  milrai  and  the  semi-- 
lunar.  The  first  opening  is  at  the  left  and  hack  part  of  the  base  of 
the  ventricle,  and  the  aortic  in  front  and  towards  the  right.  In  this 
ventricle,  as  in  the  right,  are  the  columnae  carnese,  which  are  smaller 
but  more  closely  reticulated.  They  are  chiefly  found  near  the  apex 
and  along  the  posterior  walL  The  walls  of  the  left  ventricle,  which 
are  nearly  half  an  inch  in  thickness,  are,  with  the  exception  of  the 
apex,  about  three  times  as  thick  as  those  of  the  right 

Capacity  of  the  Ohambeta — Difring  life  each  ventricle  is 
capable  of  containing  about  three  ounces  of  blood.     The  capacity  of 


Ck'ii^  or  right  T«titrld«.  J 


.  Gil  V  ftf  of  I«lt  ventricle. 


Fio.  S10.— TninjiTBTD«  section  of  ballurk's  hetrt  tn  ■  at*te  of  c«4iiv«ric  rigidity.    (Dnltoii.) 

the  auriclea  is  rather  less  than  that  of  the  ventricles;  the  thick- 
neas  of  their  walls  is  considerably  less.  The  latter  condition  is 
adapted  to  the  small  amount  of  force  which  the  auricles  require  in 
order  to  empty  themselvea  into  their  adjoining  ventricles  \  the  former 
to  the  circumstance  of  the  ventricles  being  partly  filled  with  blood 
before  the  auricles  contract 

Size  and  Weight  of  the  Heajrt. — ^The  heart  is  about  5  inches 
long  (about  12'6  cm,),  3i  inches  (8  em,)  greatest  width,  and  2 J 
inches  (6*3  cm.)  in  its  extreme  thickness.  The  average  weight  of 
the  heart  in  the  adult  is  from  9  to  10  ounces  (about  300  grms.) ; 
its  weight  gradually  increases  throughout  life  till  middle  age;  it 
duBinisltes  in  old  age. 

Struoture. — The  walls  of  the  heart  are  constructed  almost 
entirely  of  layers  of  muscular  fibres  (figa  113  and  220);  but  a  ring 
of  connective  tissue,  to  which  some  of  the  muscular  fibres  are 
attached,  is  inserted  between  each  auricle  and  ventricle,  and  forms 
the  Iwundary  of  the  auricuto-mntricular  opening.  Fibrous  tissue  also 
exists  at  the  origins  of  the  pulmonary  artery  and  aorta* 
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The  muscular  fibres  of  each  auricle  are  in  part  contdntious  with 
those  of  the  other,  and  partly  separate;  and  the  same  remark 
holds  true  for  the  ventricles.     Some  muscular  fihres  also  pass  acrosa 


,  3SDI.— Mctwnrk  of  mTiniMilikr  fihttsu  from  the  h<«rt  of  i  pig.    Th*^  mit-Ipt  are  wuU  i^hawn. 
(Kletn  and  Koblo  Srtiltli,) 


4^, 


tha  tendinouB  ring  which  separates  each  auricle  from  the  correspond- 
ing ventricla 

Endooardiunx — As  the  heart  is  clothed  on  the  outside  bj  the 
epicardium,  so  its  cavities  are  lined  by  a  smooth  membrane,  the 
endomrdimn,  which  is  directly  contiTiuoufi  with  the  intenial  lininii  of 
the  arteries  and  ^eins.  The 
endocanliimi  is  composed  of 
connective  tissue  with  a  large 
admixture  of  elastic  fibres ; 
its  inner  surface  is  coveretl 
by  endothelium.  Here  and 
there  muscular  fibres  are 
sometimes  found  in  the  tissue 
of  the  endocardium. 

Valires,  —  The  arrange- 
ment of  the  heart's  valves  is 
such  that  the  blood  can  pass 
only  in  one  direction  (fig, 
221). 

The  tricuspid  valve  (5,  fig. 
217)  presents  three  principal 
cusps  or  anbdivisioBs,  and  the 
mitral  or  hicv^pid  valve  has 
two  such  portions  (6,  fig.  218), 
But  in  both  valves  there  is 
between  each  two  principal 
portions  a  smaller  one :  so  that  more  properly,  the  tricuspid  may  be 
described  as  consisting  of  six,  and  the  mitral  of  four,  portions.  Each 
portion  is  of  triangular  form.  Its  base  is  continuous  with  the  bases 
of  the  neighbouring  portions,  so  as  to  form  an  annular  membrane 


Fia.  221.  '  nUgTBin  of  Ihe  circulfclion  through  th* 
beflrt-    (Dmltotj.) 
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a  Urn  ^M^  p&eeet  or  edgoi. 

-  '^  tfje eti0|it  of  tberalTes axe  fixed  1 

r  ituribofe  ii4id  bordef*  are  faBteaed  lifiliDda'  ten* 

'  n«<sr,  to  the  mteraal  fluitee  of  tiie  viDi 

kr  fit^^  of  n^iioh  jwjoijl  into  die 

I  vf  humikm  or 

iul  aU  dike,  for  iriifle  i 

ij  uiie  iid««  &od  bj  their  exta^emitaeB,  ofehen 

'■  ^  tiliai;  and  a  ihird  set;  to  wMdi  tlie 

gjveHi  are  attadied  to  tbe  wall  of 

ulv,  thf!  Dtber  projecting,  pafsllar- 

'  h  (5,  fig.  218),  and  h^rm^  ^facbed 

</l  iim  tefi4ijioiii  eords,  beddas  ^^m&  which 

'  '  I'l  valvei,  Uiiira  sie  iome  of  especial  stiBngth, 

ijf  Uii)  middb  and  thicker  portionB  of  the 

>"  r  aiida  of  thaee  eords  are  spread  otit  in 

jiig  ita  tniddid  piece  its  (>6cii]iar  strength 

4,   iuid  iitim   the  aidi^a  numeroue  other  more  slender 

'  ">r<i«  «ite  givau  otf^  which  are  attached  all  over  the 

'-.n  ut  tb«  adjacent  (xrrder-pieces  of  tbe  principal 

'  *$,  aa  wall  aa  to  those  anialler  portions  which 

'  *iii  lyiuy;  one  between  each  two  principal  ones, 

I  ]tikpillurm  are  ao   placed    that,  from    the 

im  4;ardtf  proceed  t^j  the  adjacent  lialves  of 

diviuiimn,  and  U>  one  intermediate  or  amaUer 


\imiri\tiutu  tipulim  equally 

I  liljjjitM  Iki  a.dtl(jrl  that  the  mitral  is  considerably 


to   tbe  mitral  and 

itral  is  consider! 

accordance  with    tbe 


\l\\\  Vt.ilHi 


tlitj   tiweiiHfiid,  in 

4  ilprjtj   Uj  nmiHtp 

>fi|  il*(i  ttrilloert  of  the  pulmonary  artery 
I  irn  jMiarlv  alike  on  both  sides  of  the  heart; 

'' trjor  Ujjckor  and  morci  MtnMigly  eon- 

lvij**>  in  accordance  with  tho  greater 

vUiirl,     Each  valve  uuimirtta  of  three 

jjrt^  tho  Convex  margin  cif  tmoh  being 

(Miff  H*r  l.hii  jiliico  itt  junction  of  the  artery  to 

■  lUn  mmmvu  tn   oiwirly  Mtraight  burder  being  free, 

IliJJN  |HMjnh  llkp  M  wrilch-nooket  (7,  fig  218).     In 

!t   thi'  friHi  tiilgM  uf  tliii  poti«ih,  which  containe  a  fine  cord 
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of  fibrous  tissue,  is  a  small  fibrous  nodule,  the  mrpiis  Aranti%  and 
from  this  and  from  the  attached  border  fine  fibres  extend  into  every 
part  of  the  mid  substance  of  the  valve,  except  a  small  limated  space 
just  witMn  the  free  edge,  on  each  side  of  the  corpus  Arantii,  Here 
the  valve  is  thinnest,  and  composed  of  little  more  than  the  endo- 
cardium. Thus  constructed  and  attached,  the  three  semilunar 
pouches  are  placed  side  by  side  around  the  arterial  orifice  of  each 
ventricle;  they  are  separated  by  the  blood  passing  out  of  the 
ventricle,- but  inanjediately  afterwards  are  pressed  together  so  as  to 


FifmwMity  »ft«3f* 


.  Lefl  vsutrkls. 


<1aatric  mud  IntaiiiiftJ 


.FLnt  wmali  ciJ«al«Uoe. 


^-^^SjTBiiimic  cmpUllrkB. 


fiii.  0:tL—D\*gmia  of  %he  clrcuUtlon. 


prevent  any  return  (6»  fig.  217.  and  7,  fig.  218).  Opposite  each  of 
the  semilunar  cusps,  Ixith  in  the  aorta  and  pulmonary  artery,  there 
IS  a  bulging  outwards  of  the  wall  of  the  vessel ;  these  bulgings  are 
called  the  nnttus  of  Vahalva,  The  valves  of  the  heart  are  formed 
of  a  layer  of  closely  woven  connective  and  elastic  tissue,  over  which, 
on  every  part,  the  endocardium  is  reflected. 


Course  of  tlie  Oiroulation. 


The  blood  is  convoyeiJ  away  from  the  left   ventricle  (aa  in   tho 
diagram,  fig.  222)  by  the  aorta  to  the  arteries,  and  returned  to  the 
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right  auricle  by  the  mim,  the  arteries  and  veins  being  continuous 
with  each  other  at  the  far  end  by  means  of  the  capUlaries. 

From  the  right  auricle  the  blood  passes  to  the  right  ventricle, 
then  by  the  pulmonary  artery^  which  divides  into  two,  one  for  each 
lungj  then  through  the  pulmonary  capiUaries,  and  through  the 
pulmonary  veins  (two  from  each  lung)  to  the  left  auricla  From 
here  it  passes  into  the  left  ventricle,  which  brings  us  back  to  where 
we  started  from. 

The  complete  circulation  is  thus  made  up  of  two  circuits,  the  one, 
a  shorter  circuit  from  the  right  side  of  the  heart  to  the  limgs  and 
back  again  to  the  left  side  of  the  heart ;  the  other 
and  larger  circuit,  from  the  left  side  of  the  heart 
to  all  parts  of  the  body  and  back  again  to  the 
right  aide.  The  circulations  through  the  lungs 
and  through  the  system  generally  are  respectively 
named  the  Pulmonary  and  Bystemlc  or  Itsser 
and  grmttr  circulations.  It  will  be  noticed  also 
in  the  same  figure  that  a  portion  of  the  stream 
*of  blood  having  been  diverted  once  into  the 
capillariea  of  the  intestinal  canal,  and  some  other 
abdominal  organs,  and  gathered  up  again  into  a 
single  stream,  is  a  second  time  divided  in  its 
passage  through  the  liver,  before  it  finally  reaches 
the  heart  and  completes  a  revolution.  This  sub- 
ordinate stream  through  the  liver  is  called  the 
Portal  circulation.  A  somewhat  similar  accessory 
circulation  is  that  through  the  kidneys,  called  the 
Henal  circulation.  The  difference  of  colours  in 
fig.  222  indicates  roughly  the  difference  between 
arterioX  and  rnnmi^  blood.  The  blood  is  o^ygen-^ 
ated  in  the  lungs,  and  the  formation  of  oxy- 
hsemoglobin  gives  to  the  blood  a  bright  red  colour. 
This  oxygenated  or  arterial  blood  (contained  in 
the  pulmonary  veins,  the  left  side  of  the  heart,  and  systemic  arteries) 
is  in  part  reduced  in  the  tissues,  and  the  deoxygenated  hsemoglobin 
is  darker  in  tint  than  the  oxyhaemoglobin ;  this  venous  blood  passes 
by  the  systemic  veins  to  the  right  side  of  the  heart  and  pulmonary 
artery  to  the  lungs,  where  it  once  more  receives  a  fresh  supply  of 
oxygen. 

N.B.— It  shauld,  however,  be  nott^d  that  the  lungs,  like  the  rest  of  the  body, 
are  also  suppUed  with  arterial  blood ♦  which  reaches  them  by  the  bronchial  arteries. 


n 


Pm«  22S.—M]uute  artery 
vtawFd  \n  loiigltndliiHl 
■ectton.  <«  Nucleated 
eficlathflnml  m&inbniie, 
with  fkint  nuclei  id 
lunifin,  looked  tt%  fittm 
Hbove.  i.  Elastic  mi^m- 
tafuiaif  TR,  Miuciilir 
lioat  or  timica  ai«rlla. 
fi*  TunJca  ftdv«ritiLUi. 
(Kitln  uml  Noble 
Smithy     X  250, 


The  Arteries* 


The  arterial  system  begiaa  at  the  left  ventricle  in  a  single  large 
trunk,  the  aorta,  which  almost  immediately  after  its  origin  gives  off 
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in  the  thorax  three  large  branches  for  the  supply  of  the  head,  Bedri 
and  upper  extremities ;  it  then  traverses  the  thorax  and  abdomen, 
giving  off  branches,  some  large  and  some  small,  for  the  supply  of  the 
Tarious  organs  and  tissues  it  passes  on  its  way.  In  the  abdomen  it 
divides  into  two  chief  branches,  for  the  supply  of  the  lower  ex- 
tremities. The  arterial  branches  wherever  given  off  divide  and  sub- 
divide, until  the  calibre  of  each  subdivision  becomes  very  minute,  and 
these  minute  vessels  lead  into  capillaries.  Arteries  are,  as  a  rulei 
placed  in  situations  protected  from  pressure  and  other  dangers,  and 
are,  with  few  exceptions,  straight  in  their  course,  and  frequently 
communicate  (anastomose  or  inos- 
culate)   with    other    arteries.      The      iN. 

branches  are  usually  given  off  at  an      E'  »' 

aeute  angle,  and  the  sum  of  the  sec-      ^^      ^ —    -7* 
tional  areas  of  the   branches  of    an      yy,  '       ~  ^ "  .._ 

artery  generally  exceeds  that  of  the      i^     _^^,^^  '  :~^_  -■^^^g^'  ^^ 
parent  trunk ;    and   as   the   distance      r       i  ■     "    '^-  -^- " 

from  the  origin  is  increased,  the  area 
of  the  combined  branches  is  increased 
also*  After  death,  arteries  are  usually 
found  dilated  (not  collapsed  as  the 
veins  are)  and  empty,  and  it  was  to 
this  fact  that  their  name  {apr^pla,  the 
windpipe)  was  given  them,  as  the 
ancients  believed  that  they  conveyed 
air  to  the  various  parts  of  the  body. 
As  regards  the  arterial  system  of  the 
lungs,  the  pulmonary  artery  ia  dis- 
tributed much  as  the  arteries  belong- 
ing to  the  general  systemic  circulation. 

SiriLciure. — The  wall  of  an  artery 
is  composed  of  the  following  three 
coats : — 

(a)  The  txtemal  coat  or  tunica  adventitia  (figa.  223  and  224,  a), 
the  strongest  part  of  the  wall  of  the  artery,  is  formed  of  areolar 
tissue,  with  which  is  mingled  throughout  a  network  of  elastic  fibres* 
At  the  inner  part  of  this  outer  coat  the  elastic  network  forms,  in 
some  arteries,  so  distinct  a  layer  as  to  be  sometimes  called  the 
exterftal  elastic  coat  (fig.  224,  a). 

(&)  The  middle  coat  (fig  224,  m)  is  composed  of  both  muscular 
and  elastic  fibres,  with  a  certain  proportion  of  areolar  tissue.  In  the 
larger  arteries  (fig.  226)  its  thickness  is  comparatively  as  well  as 
absolutely  much  greater  than  in  the  small  ones ;  it  constitutes  the 
greater  part  of  the  arterial  wall.  The  muscular  fibres  are  unstriped 
(fig.  225),  and  are  arranged  for  the  most  part  transversely  to  the 


Fta,  114.— TimQ«t«n«  Metloti  throttgh  ft 
UiTEfl  t>r«ncta  of  tt*  Inferior  mesenttric 
Att^ry  of  A  pig-  r,  AiKlotbell&l  ino'tii- 
br&EiQ  I  i^  tiuiicm  filulica  InUmi,  tio 
iubendotbollftl  l«y«r  1*  seeli :  m*  miii^ 
culiur  tnnicA  mK)Ia,  coDULtiliig  oii\y  * 
few  wavy  fllutlc  flbrai ;  r,  t^  tunica 
qIosUm  KEtenuk,  d]vLi]io(^  tha  m^kltB 
from  tlie  ei^ivwtlve'tlisiie  adventitia^ 
fi.    (ELnln  and  Kobk  Smllb.)    x  ft&O. 
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long  axis  of  the  artery ;  while  the  elastic  element,  taking  also  a  trans- 
verse direction,  is  disposed  m  the  form  of  closely  interwoven  and 
branchiiig  fibres,  which  intersect  in  all  parts  the  layers  of  muscular 
fibres.  In  arteries  of  various  sizes  there  is  a  difference  in  the  pro- 
portion of  the  muscular  and  elastic  element,  elastic  tissue  prepon- 
derating in  the  largest  arterieSi  and  unstriped  muscle  in  those  of 
medium  and  small  size. 

(c)  The  iniemal  coai  is  farmed  by  a  layer  of  elastic  tissue,  Galled 
%hB  fmustraied  membrans  of  ffenie.  Its  inner  surface  is  lined  with  a 
delicate  layer  of  elongated  endothelial  cells  (fig.  224,  e),  which  make 
it  smooth,  so  that  the  blood  may  flow  with  the  smallest  possible 

amount  of  resistance  from  friction.  Imme- 
diately external  to  the  endothelial  lining 
of  the  artery  is  fine  connective  tissue 
{sub-mdothelial  layer)  with  branched  cor- 
puscles. Thus  the  internal  coat  consists 
of  three  parts,  (a)  an  endothelial  lining,  (6) 
the  sub-endothelial  layer,  and  (c)  elastic 
layer. 

Vma  Vmarum. — ^The  walls  of  the 
arteries  are,  like  other  parts  of  the  body^ 
supplied  mth  little  arteries,  ending  in 
capillaries  and  veins,  which,  branching 
throughout  the  external  coat,  extend  for 
some  distance  into  the  middle,  but  do  not 
reach  the  internal  coat.  These  nutrient 
%'6ssel8  are  called  va&a  vasorum. 

Nervss. — Moat  of   the  arteries  are  sur- 
rounded by  a  plexus  of  sympathetic  nerves, 
which  twine  around  the  vessel  very  much 
They  terminate  in  a  plexus  between  the 


W' 


Fid.  22^.— MaicuUr  Hbre-colla 
ttom  fa u map  mrierlsA^  mjigiil- 
ned850cUameten9,  (KtUJlkar.) 
<t.  Nuc'inivt.  JK  A  nbre-uell 
treatAd  with  meetie  *cid» 


like  ivy  round  a  tree, 
muscular  fibres  (%  227). 


The  Veins. 


The  venous  system  begins  in  small  vessels  which  are  slightly 
larger  than  the  capillaries  from  which  they  spring.  These  vessels 
are  gathered  up  into  larger  and  larger  trunks  until  they  terminate 
(as  regards  the  systemic  circulation)  in  the  two  vena^  cavss  and  the 
coronary  veins,  which  enter 'the  right  auricle,  and  (as  regards  the 
pulmonary  circulation)  in  four  pulmonary  veins,  which  enter  the  left 
auriola  The  total  capacity  of  the  veins  diminishes  as  they  approach 
the  heart ;  but,  as  a  rule,  iheir  capacity  is  two  or  three  times  that 
of  the  corresponding  arteries.  The  pulmonary  veins,  however,  are 
an  exception  to  this  rule,  as  they  do  not  exceed  in  capacity  the 
pulmonary  arteries.     The  veins  are  found  after  death  more  or  leas 
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ooUapaad,  owing  to  their  want  of  elasticity*  They  are  usually  diB- 
tributed  in  a  superficial  and  a  deep  set  which  communicate  fre- 
quently in  their  course. 

Structure. — In  structure  the  coats  of  veins  bear  a  general 
resemblance  to  those  of  arteries  (fig.  228).  Thus,  they  possess  outer, 
middle,  and  internal  coats. 

(a)  The  outer  coat  is  constructed  of  areolar  tissue  like  that  of  the 
arteries,  but  it  is  thicker.  In  some  veins  it  contains  muscular  fibres, 
which  are  arranged  longitudinally* 


E^ 


Kluttc  fntlma. 
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Fig,  2i^,— TrmiiftVfirM  lectlau  t^f  ftorU  tUroujfb  jaleruLl  atut  ftbout  twlf  tb«  middlo  o«t. 


(i)  The  middle  coat  is  considerably  thinner  than  that  of  the 
arteries ;  it  contains  circular  unstriped  muscular  fibres,  mingled  with 
a  few  elastic  fibres  and  a  large  proportion  of  white  fibrous  tissue. 
In  the  large  veins,  near  the  heart,  namely,  the  vmm  eav€e  and  pul- 
monary veins,  the  middle  coat  is  replaced,  for  some  distance  from 
the  heart,  by  circularly  arranged  striped  muscular  fibres,  continuous 
with  those  of  the  auricles.  The  veins  of  bones,  and  of  the  central 
nervous  system  and  its  membranes  have  no  muscular  tissua 

{c)  The  iiiUmal  coat  of  veins  has  a  very  thin  fenestrated 
membrane,    which    may    be    absent    in    the    smaller    veins.     The 
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endothelium  is  made  up  of  cells  elongated  in  the  direction  of  the 
vessel,  bat  wider  than  in  the  arteries. 

Valves. — The  chief  influence  which  the  veina  have  in  the  circu- 
lation is  effected  with  the  help  of  the  valves,  contained  in  all  veins 
subject  to  local  pressure  from  the  muscles  between  or  near  which 
they  run.  The  general  construction  of  these  valves  is  similar  to  that 
of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery,  already 
described ;  but  their  free  margins  are  turned  in  the  opposite  direction, 
itf.j  towards  the  hearty  so  as  to  prevent  any  movement  of  blood  back- 
ward. They  are  commonly  placed  in  pairs,  at  various  distances  in 
different  veins,  but  almost  uniformly  in  each  (fig.  229)»      In  the 

smaller  veins  single  valves  are 
often  met  with;  and  three  or 
four  are  sometimes  placed  to- 
gether, or  near  one  another,  in 
the  largest  veins,  such  as  the 
subclavian,  at  their  junction  with 
the  jugular  veina.  The  valves 
are  semilunar;  the  unattached 
edge  is  in  some  examples  con- 
cave, in  others  straight.  They 
are  composed  of  an  outgrowth  of 
the  subendothelial  tissue  covered 
with  endothelium.  Their  situa- 
tion in  the  superficial  veins  of 
the  forearm  is  readily  discovered 
by  pressing  along  their  surface, 
in  the  direction  opposite  to  the 
venous  current,  !«.,  from  the 
elbow  towards  the  wrist;  when 
little  swellings  (fig.  229,  c)  appear 
in  the  position  of  each  pair  of 
vidves.  These  swellingB  at  once  disappear  when  the  pressure  is 
removed 

Valves  are  not  e*iuallj  numerous  in  all  veins,  and  in  many  they 
are  absent  altogether,  They  are  most  numerous  in  the  veins  of  the 
extremities,  and  more  so  in  those  of  the  leg  than  the  arm.  They  are 
commonly  absent  in  veins  of  less  than  a  line  in  diameter,  and,  as  a 
general  rule,  there  are  few  or  none  in  those  which  are  not  subject  to 
muscular  pressure.  Among  those  veins  which  have  no  valves  may 
be  mentioned  the  superior  and  inferior  vena  cava,  the  pulmonary 
veins,  the  veins  in  the  interior  of  the  cranium  and  vertebral  column, 
the  veins  of  bone,  and  the  umbilical  vein.  The  valves  of  the  portal 
tiibutaries  are  very  inefficient, 

LympMtics  of  ArieriBs  and  Veins. — Lyinpliatic  spaces  are  present 
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in  the  ooats  of  both  arteries  and  veins.  In  the  external  coat  of  large 
vessels  they  form  a  plexus  of  more  or  less  tubular  vessels.  In  anialler 
vessels  they  appear  as  spaces  lined  by  endothelium.  Sometimes,  as 
in  the  arteries  of  the  omentum,  mesentery,  and  membranes  of  the 
brain,  in  the  pulmonary,  hepatic,  and 
splenic  arteries,  the  spaces  are  con- 
tinuous with  vessels  which  distinctly 
ensheath  them — perivascular  lyni*  ^ 
phatia  (fig.  231). 


'J 
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The  Capillaries^ 

In  all  vascular  textures  except 
some  parts  of  the  corpora  cavernosa 
of  the  penis,  of  the  uterine  placenta, 
and  of  the  spleen,  the  transmission 
of  the  blood  from  the  minute  branches 
of  the  arteries  to  the  minute  veins  is 
aflfected  through  a  network  of  capil- 
laries. 

Their  walls  are  composed  of  endo- 
thelium—a  single  layer  of  elongated 
flattened  and  nucleated  cells,  so  joined 
and  dovetailed  together  as  to  form  a 
continuous  transparent  membrane 
(fig.  232).  Here  and  there  the  endo- 
thelial cells  do  not  fit  quite  accu- 
rately; the  space  is  filled  up  with 
cement  material ;  these  spots  are 
called  pseudo-stomata. 

The  diam^ier  of  the  capillary 
vesselfl  varies  somewhat  in  the 
different  tissues  of  the  body,  the 
most  common  size  being  about 
yiArt^^  ^^  s.n  inch  (12  /i).  Among 
the  smallest  may  be  mentioned 
those  of  the  brain,  and  of  the  fol- 
licles of  the  mucous  membrane  of 
the  intestines;  among  the  largest, 
those  of  the  skin,  lungs,  and  especially  those  of  the  medulla  of 
bones. 

The  siu  of  capillaries  varies  necessarily  in  different  animals  in 
relation  to  the  size  of  their  blood  corpuscles :  thus,  in  the  Proteus, 
the  capillary  circulation  can  just  be  discerned  with  the  naked  eye. 

The  form  of  the  capillary  network  presents  considerable  variety 


f*(c.  328.— Tranaverso  loctioii  tbfiough  i 
siniiU  KTtery  ftud  v<3in  or  the  mucous 
membrmnH  of  m  child 'it  epif^lotttn ;  th& 
ut«ry  is  thlc^k-T^fillled  jtiid  the  veintlilii- 
w»11ed^  A^  Aiivry,  the  lett«r  ii  pl&ced 
ill  thft  lumoii  of  till!  venaeK  f-  Bndo- 
thisUfti  wUa  with  »ucl«l  clearly  visibly; 
these  cellii  apf^^r  very  thick  ftom  the 
contnctcil  h  tate  of  th  e  vosise  I .  Outsliie 
it  %  doubly  wavy  LIdqi  mark^  thv  eliatic 
iMjei  or  thfi  turjlca  UitlniA.  m^  Tntiick 
medifti  oomistii^i^  of  uimtnp^l  n^uAt^aliir 
flldDei  dwmlarly  *iTang)od  ;  their  uncM 
VB  veil  HCD.  u.  Part  of  the  tunica 
idventitla  tliowlDg  bfmdlts  of  coanec- 
tlvo-tiMue  Sbro  in  McUoa^i  with  tlin 
circular  nuclei  ai  the  oonLoectlvfr-tdMue 
corpuAcles.  Tbla  coat  grtnluaUy  mc^rgisii 
Into  the  sLUTOimdiniffCOHuectivo  tififiuet, 
V,  Ira  th«  lumen  of  the  vein.  The  oth^t 
lett^Ti  Indlcmtfl  the  saiu#  aa  in  tbfi 
artery*  The  musculnr  coat  of  the  vein 
(m)  Is  Keen  to  bt  much  thlJiDer  than 
that  of  the  arteiT^  k  a£0.  (Klein 
and  Nobl9  Smith.) 
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in  the  differeut  tisanes  of  the  body :  the  varieties  consist  principally 
of  modifications  of  two  chief  kinds  of  meah^  the  rounded  and  the 
elongated.     Tlmt  kind  in  which  the  meshes  or  interspaces  have  a 


Fiu.  2Sd.— DUgtmm  nhowlnB  vslvu  uf  v<iliifl.    a,  ]imirt  of  &  volii  ImlJ  op«D  iwd  apnad  out,  wttb  twri  \tt 
of  vtlvM.     Bt  luQ^tu^Jntl  adcUon  of  a  v«Id,  jiIiqwIiii!  tbo  &ppoflItiuD  of  the  «dg)U  of  the  lalvM  In 
tlietr  eloiad  sUto.    c,  poflloD  of  a  distended  vdn,  exUll>ltt£ig  a  iwttLling  In  thm  allomyoti  of  &  pAu- 

roundish  or  polygonal  form  is  the  most  common^  and  prevails  in 
those  parts  in  which  the  capillary  network  is  moat  dense,  such  aa 
the  lungs  (fig,  233),  most  glands  and  mucoiia  membranes,  and  the 
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■ ,  with  v«lv*»  cki**!<l 
iJianiioL    (Diltofi.) 


!itrL«ni  lit  bl(«jNl  iJosHlii^  oiJ  by  literal 


cutis.  The  capillary  network  with  elongated  meshes  is  observed  iji 
parts  ill  which  the  vessels  are  arranged  among  bundles  of  fine  tubes 
or  fibrea,  as  in  muscles  and  nerves.  In  sucb  jiarts,  tlie  meshes  form 
parallelograms  (fig.  234),  the  short  sides  of  wliich  may  be  from  three 


|i>  a%bt  or  leu  times  less  Unn  the  loi^  ona;  tlie  long  Aim  mm 
lore  or  les  pu^el  to  tbe  long  ajos  of  tiie  &bre& 

Tbe  ii«9iiir  of  Ihe  c^lkries  lad  the  liii  ^  iJU  ntfribiir  in  differeal 
rta  detenxmie  in  geiiml  Ibe  degree  of  wmMCuhrUg  of  llioeB  pu-ta 
be  capUlftfj  nolwimc  b  doeeei  id  the  Im^  mad  in  Ihe  choroid 
^  of  Ih©  oja 

It  mar  be  beU  as  a  general  mlev  thai  the  more  active  the 
funcdoiis  of  aa  organ  ai^  Uie  moio  Tasciilar  it  i&  Hence  the 
narrowness  of  the  mterspaoes  in  all  glandular  organs,  in  mueotis 


Pl«&.  SSI.^ikirfb^  iriflw  uf  &n  nn/^ry  from  the  mmmLimry  of  ■  ftv^t  «mliMiUi«d  Lti  a  {HirLvuculiir  Ijrm^ 
phBtie  vef««l.  ct,  the  art^iry,  with  \U  cli\'»tl*r  iiniacukT  <ro*t  (iinjdla)  fmilcaM  hy  bni«tl  tT*h«v#r*t 
flurkitigii,  with  nn  indicEiUon  of  tbe  advQiititl*  ontjtklft,  f^  IjtitphAtlc  vtwunl ;  tU  w^ll  li  m  BinipU 
«i]f]ath«il{JLl  tn  »ni  bra  tie*    ( K  Inin.  an  d  N  uble  8mltb . ) 

membranes,  and  in  growing  parts,  and  their  much  greater  witUh  in 
bones,  ligaments,  and  other  coniparati%^©ly  inactive  tisaues. 

Lymphatic  Vessels* 

The  blood  leaves  the  heart  by  the  artariee  ;  it  returns  to  the  hoart 
by  the  veins ;  but  this  last  statement  requires  modification^  for  In  tho 
capillaries  some  of  the  blood -plasma  escapes  into  tho  cell  spaces  ol 
the  tissues  and  nourishes  the  tissue-elements.  This  fluid,  which  is 
called  lymph,  is  gathered  up  and  carried  hack  again  into  tho  blood  by 
a  system  of  vessels  called  lymphaiim- 
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the  lymphatic  system  of  v^essels  will  be  seen  to  paas  tfarough  a  com- 
paratively large  trunk  called  the  tharadc  duct,  which  finally  empties 
its  contents  into  the  blood -stream,  at  the  jtmction  of  the  internal 
jugular  and  subclavian  veins  of  the  left  side.  There  is  a  stnaller 
duct  on  the  right  side.  The  lymphatic  vessels  of  the  intestinal  canal 
are  called  la^teah,  because  during  digestion  (especially  of  a  meal  con- 
taining fat)  the  fluid  contained  in  them  resembles  milk  in  appear- 
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ance ;  and  the  lymph  in  the  lacteals  during  the  p^eriod  of  digestion 
is  called  chyle.  Chyle  is  lymph  containing  finely  divided  fat-globulea. 
In  some  parts  of  its  course  the  lymph-stream  passes  through  /^- 
phaiic  glands^  to  be  described  later  on. 

Origin  of  Lymph  Capillaries. — The  lymphatic  capillaries  com- 
mence most  commonly  either  (a)  in  closely-meshed  networks,  or  (h) 
in  irregular  lacunar  spaces  between  the  various  structures  of  which 
ihe  difiereut  organs  are  composed.     In  serous  membranes,  such  as  the 
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though  they  are  formed  mostly  by  the  cbinkn  and  cranniea  between 
tbfi  parts  which  may  happen  to  form  the  framework  of  the  ot^an  in 
which  they  exist,  they  are  lioeti  by  a  distinct  layer  of  endotheliuuL 

The  iacteals  oflfer  an  illustration  of  another  mode  of  origin, 
namely,  as  blind  dilated  extremities  in  the  viUi  of  the  small  intestine 
(see  fig,  38,  p.  27). 

Slructure  of  Lymph  Oapiilarus.~The  structure  of  lymphatic 
capillaries  is  very  similar  to  that  of  blood  capillaries;  their  walls 
consist  of  a  single  layer  of  elongated  endothelial  cells  with  sinuous 
outline,  which  cohere  along  their  edges  to  form  a  delicate  membrane. 


^M 


Fio,  £SS.— Lynipbatlei  or  cf^iittal  ten  dan  of  rabbtt'a  dlmphrAgm^  attined  wUh  iHviir  mtimte^  Ths 
<tiih4ed  nA ground  Lt  cumpostd  of  buDdIa*  of  white  Ubr^p  b^twoen  wlitcb  the  lytRpUAtids  Ua« 
If  LrmpbAtka  Itaed  hjf  long,  tmrrow  »n4Dtbt«liiil  ^IJs,  And  abowlng  v  rklrfii  at  ft«qu«tit  lut^rviUH, 
(peboD^Jd.) 

They  dififer  from  blood  capillaries  mainly  in  their  larger  and  very 
variable  calibre,  and  in  their  numerous  communications  with  the 
spaces  of  the  lymph -canalicular  system. 

In  certain  parts  of  the  body,  stotnata  exist,  by  which  lymphatic 
csapillaries  directly  conmiunicate  with  parts  formerly  supposed  to  l*e 
""ased  cavities.  They  have  been  found  in  the  pleura,  and  in  other 
reus  membranes ;  a  serous  cavity  thus  forms  a  large  lymph-sinus 
or  widening  out  of  the  lymph-capillary  system  with  which  it  directly 
communicates, 

A  very  typical  plexus  of  lymphatic  capillaries  is  seen  in  the 
central  tendon  of  the  diaphragm.  Fig*  238  represents  the  appearance 
presented  after  staining  with  silver  nitrate. 
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We  have  now  to  approach  tLe  physiological  side  of  the  subjeet^ 
and  study  the  means  by  which  the  blood  is  kept  in  movementj  so 
that  it  may  convey  nutriment  to  all  parte,  and  remove  from  those 
parts  the  waste  products  of  their  activity. 

Previous  to  the  time  of  Harveyp  the  vaguest  notionB  prevailed 
T6garding  the  use  and  movements  of  the  blood  The  arteries  were 
supposed  by  some  to  contain  air,  by  others  to  contaiji  a  more  subtle 
essence  called  animal  spirits;  the  animal  spirits  were  supposed  to 
start  from  the  ventricles  of  the  braiB,  and  they  were  controned  by 
the  soul  which  was  situated  in  the  pineal  gland  How  the  animal 
spirits  got  into  the  arteries  was  an  anatomioal  detail  which  was 
bridged  across  by  the  imagination. 

There  was  an  idea  that  the  blood  moved,  but  this  was  considered 
to  be  a  hapha^rd,  to-and-fro  movement,  and  confined  to  the  veina 
The  proofs  that  the  movement  is  in  a  circle  were  discovered  by 
Wiliiam  Harvey,  and  to  this  eminent  discoverer  also  belongs  the 
credit  of  pointing  out  the  methods  by  which  every  physiological 
problem  must  be  studied.  In  the  first  place  there  must  be  correct 
anatomical  knowledge^  and  in  the  second  there  must  be  experiment, 
by  which  deductions  from  structure  can  be  tested;  moreover,  this 
second  method  is  by  far  the  more  important  of  the  two,  Harvey's 
proofs  of  the  circulation  came  under  both  these  heads.  The  structural 
or  anatomical  facts  upon  which  he  relied  were  the  following  :— 

h  The  existence  of  two  distinct  sets  of  tubes  in  connection  with 
the  heart,  namely,  the  arteries  and  the  veiBs. 

2,  The  existence  in  the  heart  and  also  in  the  veins,  of  valves 
which  would  oidy  allow  the  passage  of  the  blood  in  one  direction. 

His  experimental  facts  were  the  following: — 

3.  That  the  blood  spurts  with  great  force  and  in  a  jerky  manner 
from  an  artery  opened  during  life,  each  jerk  corresponding  with  a 
beat  of  the  heart. 
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4.  That  if  the  large  veins  oear  the  heart  are  tied,  the  heart 
becomea  pale,  flaccid,  and  hloodless,  and  on  removal  of  the  ligatirre 

the  blood  again  flows  into  the  heart, 

5.  If  the  aorta  ie  tied,  the  heart  becomes  distended  with  blood, 
and  csannot  empty  itself  until  the  ligature  is  removed 

6.  The  preceding  experimentB  were  performed  on  animals,  but  by 
the  following  experiinent  he  showed  that  the  circulation  is  a  fact  in 
man  also ;  if  a  ligature  is  drawn  tightly  round  a  limbi  no  blood  can 
enter  it,  and  it  l>ecomes  pale  and  cold.  If  the  ligature  is  somewhat 
relaxed  so  that  blood  can  enter  but  cannot  leave  the  limb,  it  becomes 
awollen.  If  the  ligature  is  removed,  the  limb  soon  regains  its  nonnal 
appearanca 

7.  Harvey  also  drew  attention  to  the  fact  that  there  is  general 
constitutional  disturlmnce  resulting  from  the  introduction  of  a  poison 
at  a  single  point,  and  that  this  can  only  be  explained  by  a  movement 
of  the  circulating  fluid  all  over  the  body. 

Since  Harvey's  time  many  other  proofs  have  accumulated;  for 
ItLBtanee:^ — 

8.  If  an  artery  is  wounded,  hoeraorrhage  may  be  stopped  by 
pressure  applied  between  the  heart  and  the  wound ;  but  in  the  case 
of  a  wound  in  a  vein,  the  pressure  must  be  applied  beyond  the  seat 
of  injury. 

9.  If  a  substance  which,  like  ferrocyanide  of  potassium,  can  be 
readily  detected,  is  injected  at  a  certain  point  into  a  blood-vessel,  it 
wiU  after  the  lapse  of  a  short  interval  have  entirely  traversed  the 
circulation  and  lie  found  in  the  blood  collected  from  the  same  point, 

10.  Perhaps  the  most  satisfactory  proof  of  the  circulation  is  one 
now  within  the  reach  of  every  student,  though  beyond  that  of  Harvey* 
It  consists  in  actually  seeing  the  passage  of  the  blood  from  small 
arteries  through  capillaries  into  veins  in  the  transparent  parts  of 
animals^  such  as  the  tail  of  a  tadpole  or  the  web  of  a  frog's  foot* 
Harvey  could  not  follow  this  part  of  the  circulation,  for  he  had  no 
lenses  sufficiently  powerful  to  enable  him  to  see  it  Harvey's  idea 
of  the  circulation  here  was  that  the  arteries  carried  the  blood  to  the 
tissues,  which  he  considered  to  be  of  the  nature  of  a  sponge,  and  the 
veins  culloited  the  blood  again,  much  in  the  same  way  as  drainage 
pipes  would  collect  the  water  of  a  swamp.  The  discovery  that  the 
ends  of  the  arteries  are  connected  to  the  commencements  of  veins  by 
a  definite  system  of  small  tubes  we  now  call  capillaries,  was  made 
by  Malpighi,  in  the  year  ld61.  He  first  observed  them  in  the  tail  of 
the  tadpole,  and  Loeuwenhoek,  seven  years  later,  saw  the  circulation 
in  the  lung  of  the  frog. 

We  can  now  proceed  to  study  some  of  the  principlcA  on  which 
the  circulation  depends : — 

The  simplest  possible  way   in  which    we  could   represent  the 
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circulatory  ajstem  is  shown  in  fig*  239  A.  Here  there  is  a  closed 
ring  containing  fluid,  and  upon  one  point  of  the  tube  is  an  enlaxge- 
ment  (H)  which  will  correspond  to  the  heart  It  is  obvious  that  if 
sueh  a  ring  made  of  an  ordinary  Higginson's  syringe  and  a  tube  were 
placed  upon  the  table,  there  would  be  no  moveraent  of  the  fluid  in  it; 
in  order  to  make  the  fluid  move  there  must  be  a  difference  of 
pressure  between  different  parts  of  the  fluid,  and  this  difference  of 
pressure  is  caused  in  the  fluid  by  the  pressure  on  it  of  the  heart 
walls.  If,  for  instance,  one  takes  the  syringe  in  one's  hand  and 
squeezes  it,  one  imitates  a  contraction  of  the  heart:  if  the  syringe 
has  no  valves,  the  fluid  would  pass  out  of  each  end  of  it  in  the 
direction  of  the  two  arrows  placed  outside  the  ring.  When  the 
pressure  on  the  syringe  is  relaxed  (this  would  correspond  to  the 
interval  between  the  heart  beats),  the  fluid  would  return  into  the 
heart  again  in  the  direction  of  the  two  arrows  placed  insido  the  ring. 

A  B 


// 


Fifi,  SS9.--3iiiipU)  tcbenoA  of  the  GtrctiJfttJon. 

This,  however,  would  be  merely  a  to-and-fro  movement,  not  a  circula- 
tion. Fig.  239  B  shows  how  this  to-and-fro  movement  could,  by  the 
presence  of  valves,  be  converted  into  a  circulation ;  when  the  heart 
contracts  the  fluid  could  pass  only  in  the  direction  of  the  outer 
arrow;  when  the  heart  relaxes  it  could  pass  oidy  in  the  direction 
of  the  inner  arrow;  the  direction  of  both  arrows  is  the  same,  and 
80  if  the  contraction  and  relaxation  of  the  heart  are  repeated  often 
enough  the  fluid  will  move  round  and  round  within  the  tubular  ring. 

The  main  factor  in  the  circulation  is  difference  of  pressure.  In 
general  terms  fluid  flows  from  where  the  pressure  is  Iiigh  to  where  it 
is  lower.  This  difference  of  pressure  is  produced  in  the  first  instance 
by  the  contraction  of  the  heart,  but  we  shall  find  in  our  study  of  the 
vessels  that  some  of  this  pressure  is  stored  up  in  the  elastic  arterial 
walls,  and  keeps  up  the  circulation  during  the  periods  that  the  heart 
is  resting. 

Coming  to  different  groups  in  the  animal  kingdom  we  may  take 
the  crayfish  or  the  lobster  as  instances  of  animals  which  possess  a 
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haBmolymph  system,  tbat  is,  there  is  no  distinction  l»etween  blood 
and  lynipk  The  heart  pumps  the  circulating  fluid  along  a  system 
of  vessels  which  distribute  it  over  the  body ;  there  are  no  capillaries, 
and  the  liJBmolymph  is  discharged  into  the  tissue  8j>aces ;  it  is  thence 
drained  into  channels  which  convey  it  to  the  gills,  and  after  it  is 
aorated  there  La  a  set  of  irregular  vessels,  it  is  returned  to  the  peri- 
cardium. It  is  sucked  from  the  pericardium  into  the  heart  during 
diastole,  through  five  small  orifices  in  the  cardiac  wall;  during 
systole  these  are  closed  by  valves.  In  these  animals  the  rate  of  flow 
of  haemolymph  is  necessarily  alow. 

In  worms,  the  circulatory  system  is  almost  as  simple  as  in  the 
schema  just  descril>ed;  the  heart  is 
a  long  contractile  tul>e  provided 
with  valves,  which  contracts  peri- 
staltically  and  presses  the  blood 
forwards  into  the  aorta  at  its  an- 
terior end ;  this  divides  into  arteries 
for  the  supply  of  the  body;  the 
blood  passes  through  these  to  capil* 
laries,  and  is  coUected  by  veins 
which  converge  to  one  or  two  main 
trunks  that  enter  the  heart  at  its 
posterior  end. 

In  fishes,  the  heart  is  divided 
into  a  nimiber  of  chambers  placed 
in  single  file,  one  in  front  of  the 
other;  the  most  posterior  which 
receives  the  veins  is  called  the 
sinus  venosus ;  this  contracts  and 
forces  the  blood  into  the  next 
chamber,  called  the  auricle;  this 
forces  the  blood  into  the  next 
cavity,  that  of  the  ventricle,  and 
last  of  all  is  the  aortic  bulb.  From  the  bulb,  branches  pass  to  the 
gills,  where  they  break  up  into  capillaries,  and  the  blood  is  aerated  : 
it  then  once  more  enters  larger  vessels  which  unite  to  form  the 
dorsal  aorta,  whence  the  blood  is  distributed  by  arteries  to  all 
parts  of  the  body ;  here  it  enters  the  systemic  capillaries,  then  the 
veins  which  enter  the  sinus  (whence  we  started)  by  a  few  large 
tnmks. 

Taking  the  frog  as  an  instance  of  an  ampliibian,  we  find  th 
heart  more  complex,  and  the  sijnple  peristaltic  action  of  the  heart 
muscle  as  we  have  described  it  in  tlie  hearts  of  worm  and  fish, 
becomes  correspondingly  modifie<l     There  is  only  one  ventricle,  but 
there  are  two  auricles,  right  and  left. 
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Flo.  'i4D.— The  hvmri  of  ft  tm^  (RinA  evcalf  At4> 
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The  veQtricle  contains  mixed  blood,  since  it  receives  arterial 
blood  from  the  left  auricle  (which  is  the  smaller  of  the  two),  and 
venous  blood  from  the  right  auricle ;  the  right  auricle  receives  the 
venous  blood  from  the  sinus,  which  ini^turn  receives  it  from  the 

systemic  veins.  The  left 
auricle,  as  in  man^  receives 
the  blood  from  the  pulmon- 
ary veins. 

When  the  ventricle  con- 
tracts, it  forces  the  blood 
onward  into  the  aortic  bulb 
which  divides  into  branches 
on  each  side  for  the  supply 
of  the  head  (%  240,  1), 
lungs  and  skin  (fig,  240,  *6\ 
and  tlie  third  branch  (fig, 
240,  2),  unites  with  its 
fellow  of  the  opposite  side 
to  form  the  dorsal  aorta  for 
the  supply  of  the  rest  of 
the  body* 

Passing  from  the  amphi- 
liians  to  the  reptiles,  we 
find  the  division  of  the 
ventricle  into  two  beginning,  bat  it  is  not  complete  till  we  reach 
the  birds.  The  heart  reaches  its  fullest  development  in  mammals, 
and  we  have  already  described  the  human  as  an  example  of  the 
mammalian  heart  The  sinus  venosus  is  not  present  as  a  distinct 
chamber  in  the  mammalian  heart  (except  in  a  very  early  fcetal  stage), 
but  is  represented  by  that  portion  of  the  right  auricle  at  which  the 
large  veins  enter. 
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CHAPTER  XX 

PHYSIOLOGY  OF  THE   HEART 

The  Cardiac  Cycle. 

The  series  of  changes  that  occur  in  the  heart  constitutes  the  cardiac 
cycle.  This  must  be  distinguished  from  the  c /arse  of  the  circulation. 
The  term  cycle  indicates  that  if  one  observers  the  heart  at  auy 
particular  moment,  the  heart  from  that  m«jment  oriwarJs  unvler^'oes 
certain  changes  until  it  once  more  assuiiies  the  saiiie  condition  that 
it  had  at  the  moment  when  the  observation  coRimenced,  when  the 
cycle  is  again  repeated,  and  so  on,  Tliis  series  of  cLii:  jes  cunsists  of 
alternate  contraction  and  relaxation.  ContractioL  is  known  as 
systole,  and  relaxation  as  diastole. 

The  contraction  of  the  two  airicl-s  takes  i.lace  s::iiuItaLeo::-:Iy, 
and  constitutes  the  auricular  si^do'e ;  this  :^  r.llowei  i.y  the  s:;:.ul- 
taneous  contraction  of  the  two  ve:.:::c!e.--,  y^.ntrii.ul'jr  .?y.=:to:€,  aL-J 
that  by  a  period  during  which  the  whol-  ::  t:.e  Le.ir:  :-.  ;:.  a  state  if 
relaxation  or  diastole;  then  the  cvcle  a„-ii:.  c.::.::--::.:es  with  the 
auricular  systole. 

Taking  72  as  the  avera::e  LMri^h-er  r,:  :-e-:t  eit-  j  er  ::.::.  ^te..  e- jh 
cycle  will  occupy  J  ■::  a  iLi:-:te:  .r  -i  iittie  ::.  re  tivii.  OS  \:  a 
second.  This  may  r.f:  a:.prox:::-it':ly  :.-tr:  \.t::  ::.  t:.-;  r.il.wi:.^- 
way : — 

Auricular  systole        .    irxj-t '.'1       Aur   ujir  i.i'Vo.-        .     .'       .- 
Ventricular  sj^tol^     .  .'i       V^z^m.'i.j^t -:  h,-*:.,.-      .  .'. 

Total  systoie       .         .  '.i       ■''>::,'  ii'-o.-.  .     .  4  .     .■: 

If  the  3pe*?i  ::  tie  Lei:t  it  ^-^yi^:-::.-:^,  \:.-:  \,::.:  —. .:.:'  -y 
each  cycle  i=  d::-::-:-L-ri,  ',  r.  t:.-:  :.;.-i:.  .t. .:-  ^rir-jt^  ^^.v~v  ::.*: 
diastole.  TLeiv:  iifr^.-v.-.t  :  i.-t:  .:  t:.;  ;;.,.•;  :.. -t  :.::-:\  >:  Tt-i.r:  ::- 
detaU. 

The  AuritjL^ar  Dyji,c:',.A — -^.;.:.j  t:..-,  :.;..•.  •.:.■;  .!  .  . .  .•:...  .:,-. 
large  veins  i=  zr*.:^j  i:,\'.  \:j:  -i. :...'::  t;.-;  ;.:rrt.;:  .-.  \:j:  ":.:.-. 
though  very  1 ;  w  r.^ i j.  /  j"  ^^  ^ > : :  t : -i .'-  \ -'- ^ t  . :.  \ U:  *: ::.  j,  *.  v  ..-;...  -r  v  'i  :.e 
blood  expands  tLc  i— -.',le=.  i:--  •:-:--^  t.v:  -i-.t  ;/*::  -.'  t:.-.  -.:i_l;-r 
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diaatole  it  passea  on  into  tha  ventricleB.  The  dilatation  of  the 
auricles  is  assisted  by  the  elastic  traction  of  the  Iimgs.  The  lungs 
being  in  a  closed  cavity,  the  thorax,  and  being  distended  with  air, 
are  in  virtue  of  their  elasticity  always  tending  to  recoil  and  squeeze 
the  air  out  of  their  interior ;  in  so  doing  they  drag  upon  any  other 
organ  with  which  their  surface  is  in  contact:  this  elastic  traction 
will  be  greatest  when  the  lungs  are  most  distended,  thafc  is  during 
inspiration,  and  will  be  more  felt  by  the  thin -walled  auricles  than  b^^ 
the  thick-walled  ventricles  of  the  heart. 

Ths  Aurimilar  SystoU  is  sudden  and  very  rapid ;  by  contracting, 
the  auricles  empty  themselves  into  the  ventricles.  The  contraction 
commences  at  the  entrance  of  the  great  veins,  and  is  thence  pro- 
pagated towards  the  auriculo-ventricular  opening.  The  reason  why 
the  blood  does  not  pass  l^ackwards  into  the  veins,  but  onward  into 
the  ventricles,  is  again  a  question  of  pressure;  the  pressure  in  the 
relaxed  ventricles,  which  is  so  small  as  to  exert  a  suction  action  on 
the  auricular  blood,  is  less  than  in  the  veins.  Moreover,  the 
auriculo-ventricular  orifice  is  large  and  widely  dilated,  whereas  the 
mouths  of  the  veins  are  constricted  by  the  contraction  of  their 
muscular  coats.  Though  there  is  no  regurgitation  of  the  blood 
backwards  into  the  veins,  there  is  a  stagnation  of  the  flow  of  blood 
onwards  to  the  auricles.  The  veins  have  no  valves  at  their  entrance 
into  the  auricles,  except  the  coronary  vein  which  does  possess  a 
valve;  there  are  v^alves,  however,  at  the  junction  of  the  subclavian 
and  internal  jugular  veins. 

VfrhirkulaT  Binstoh ;  during  the  last  part  of  the  auricular  diastole 
and  the  whole  of  the  auricular  systole,  the  ventricles  have  been 
relaxed  and  then  filled  with  blood.  The  dilatation  of  the  ventricles 
is  chiefly  brought  about  in  virtue  of  their  elasticity ;  this  is  particu- 
larly evident  in  the  left  ventricle  with  its  thick  muscular  coat  It 
is  equal  to  23  mm,  of  mercury,  and  is  quite  independent  of  the 
elastic  traction  of  the  lungs,  which,  however,  in  the  case  of  the 
thinner-walled  right  ventricle  comes  into  play. 

Th&  Ventricular  Systole ;  this  is  the  contraction  of  the  ventricles, 
and  it  occupies  more  time  than  the  auricular  systole;  when  it 
occurs  the  auriculo-ventricular  valves  are  closed  and  prevent  re- 
gurgitation into  the  auricles,  and  when  the  force  of  the  systole 
is  greatest,  and  the  pressure  within  the  ventricles  exceeds  that  in  the 
large  arteries  which  originate  from  thcni,  the  semilunar  valves  are 
opened,  and  the  ventricles  empty  themselves,  the  left  into  the  aorta, 
the  right  into  the  pulmonary  artery.  Each  ventricle  ejects  about 
3  ounces  of  blood  with  each  contraction ;  the  left  in  virtue  of  its 
thicker  walls  acts  much  nioi-e  forcibly  than  the  right.  The  greater 
force  of  the  left  ventricle  is  necessary,  as  it  has  to  overcome  the 
resistance  of  the  small  vessels  all  over  the  body ;  whereas  the  right 
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ventricle  has  only  to  overoome  peripheral  resistance  in  the  pulmonary 
district. 

The  shape  of  both  ventricles  during  systole  has  been  described  as  under^ 
going  an  alteration t  the  diameters  in  the  plane  of  the  ba«ie  being  dinitnished,  and 
the  length  of  the  ^entriL-le?*  slightly  lessened.  The  whnle  heart,  moreover,  moves 
towajds  the  right  and  forwardi^»  t*^  isting  on  its  long  axis  and  exposing  more  of  the 
left  ventricle  anteriorly  than  when  it  is  at  rest  These  movements,  which  were 
first  described  by  Harvey,  hare  been  since  Harvey's  time  believed  to  he  tlie  cause 
of  the  cardial.*  impulse  of  apex  beat  which  is  to  be  felt  in  the  fifth  intercostal 
pace  about  three  inches  from  the  middle  line.  It  has,  however,  l)een  shown  by 
laycraft  that  these  changes  only  occur  when  the  ehest  waUs  are  open^  When  the 
■  heart  contfact:s  in  a  dosed  thomx  it  undergoes  no  rotation,  and  Ihe  contraction  is 
concentric,  that  is,  eoual  in  all  directions.  The  diminution  of  the  lie/*rt"s  volume 
which  occurs  in  systole  t^annot  be  the  c^mse  of  the  apex  beat ;  it  would  rather  tend 
to  draw  the  ehest  w^al)  inwards  than  push  it  outwards. 

The  Apex  beat  is  caused  by  two  changes  in  the  physical  condition  of  the  heart* 
In  the  first  place,  on  systole  the  heart  becomes  hard  and  tense,  and  secondly,  its 
attachment  to  the  aorta  becomes  rigid  instead  of  being  flexible  as  it  is  in  diastole. 
Thus,  in  systole.  t!ie  heart  becomes  rijridly  fixed  to  the  aorta,  and*  as  this  vessel  is 
rTirved,  it  tends  to  open  out  into  a  straight  llne»  but  is  prevented  by  the  counter- 
resistance  at  the  two  ends  of  the  arch.  These  are  (a)  tlie  resistance  of  the  ehest 
wall  against  the  heart,  and  {h)  that  of  the  vertebne  and  ribs  against  the  thoracic 
aorta.  The  pressure  of  the  heart  against  the  ehest  wall  is  confined  to  a  small  area, 
situated  in  the  fifth  inter*'<istal  space,  becaii^ie  the  heart  surface  is  much  mort*  curved 
than  the  internal  thoracic  walL  The  forward  movement  this  pressure  causes  is  the 
apex  beat  It  must  be  noted  that  this  movefneiit  is  not  over  the  actual  apex  of  the 
heart,  but  is  communicated  from  an  area  on  the  anterior  cardiac  surface. 


Action  of  the  Valves  of  the  Heart. 

L  7^  AurtcuiO'VmUriculaT. — The  distension  of 


I  L  7^  AuriculO'VmtricidaT. — The  distension  of   the   ventricles 

I  with  blood  continues  throiighotit  the  whole  period  of  their  diastole. 
^^  The  auriculo-ventrioular  valvea  are  gradually  brotighfc  into  place  by 
^^nome  of  the  blood  getting  behind  the  cusps  and  floating  them  up ; 
^'Ijy  the  time  that  the  diastole  is  complete,  the  valveB  are  in  appo- 
sition, and  tliej  are  firmly  closed  by  the  reflux  current  caused 
by  the  systole  of  the  ventricles.  The  diminution  in  the  size  of  the 
auriculo -ventricular  rings  which  occurs  during  systole,  renders  the 
auricido-ventricular  valves  competent  to  close  these  openings.  The 
margins  of  the  cusps  of  the  valves  are  still  more  secured  in  apposition 
with  one  another,  by  the  simultaneous  contraction  of  the  musculi 
papiUares,  whose  chordee  tendine®  have  a  special  mode  of  attachment 
for  this  object.  The  cusps  of  the  a iiriculo- ventricular  valves  meet 
not  by  their  edges  only,  but  by  the  opposed  surfaces  of  their  thin 
outer  borders. 

The  unisctili  papiUares  prevent  the  auriculo-ventricular  valves 
from  being  everted  into  the  auricle.  For  the  chordse  tendineee  might 
allow  the  valves  to  be  pressed  Imck  into  the  auricle,  were  it  not  that 
when  the  wall  of  the  ventricle  is  brought  by  its  contraction  nearer 
trj  the  auriculo- ventricular  orificei  the  musculi  papiUares  more  than 
compensate  for  this  by  their  own  contraction ;  they  hold  the  cords 
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tight,  and,  by  pulling  down  the  valves,  add  slightly  to  the  force  with 
which  the  blood  is  expelled. 

These  statements  apply  equally  to  the  auriculo-ventricitlar  valves 
on  both  sides  of  the  heart ;  the  closnTe  of  l^wth  is  generally  complete 
every  time  the  ventricles  contract.  But  in  some  circumstances  the 
tricuspid  valve  does  not  completely  close,  and  a  certain  quantity  of 
blood  is  forced  back  into  the  auricle.  This  has  been  called  its  saf§ty- 
vahe  action.  The  circumstances  in  which  it  usually  happens  are  those 
in  which  the  vessels  of  the  lung  are  already  completely  full  when  the 
right  ventricle  contracts,  as,  «.^.,  in  certaia  pulnionary  diseases,  and 
in  very  active  muscular  exertion.  In  these  cases,  the  tricuspid  valve 
does  not  completely  close,  and  the  regurgitation  of  the  blood  may  be 
indicated  by  a  pulsation  in  the  jugular  veins  synchronous  with  that 
in  the  carotid  arteries. 

2,  The  Semilunar  Valves. — The  commencement  of  the  ventricular 
systole  precedes  the  opening  of  the  aortic  valves  by  a  fraction  of  a 
second,  as  is  proved  by  examining  records  of  the  intraventricular  and 
aortic  pressure  curves  taken  simditaneously.  The  first  result  of  the 
contraction  of  the  ventricles  is  the  closure  of  the  auriculo-ventricular 
valves,  and  as  soon  as  this  has  been  effected  the  intraventricular 
pressure  begins  to  rise.  It  qidckly  reaches  a  point  at  which  it  equals 
the  aortic  pressure,  and  then  exceeds  it,  and  as  soon  as  this  pressure 
difference  has  been  established  the  aortic  valves  are  opened  and  blood 
flows  from  the  ventricle  into  the  aorta.  The  valves  are  kept  open  as 
long  as  the  intraventricular  pressure  exceeds  the  aortic,  but  as  soon 
as  the  heart  has  emptied  itself,  the  ventricle  begins  to  relax,  its 
internal  pressure  consequently  begins  to  fall,  and  an  instant  is 
quickly  reached  at  which  it  ia  exceeded  by  the  aortic.  The  blood, 
therefore,  tends  to  flow  back  from  the  aorta,  and  in  so  doing  fills  up 
the  pockets  of  the  semilunar  valves,  which  have  always  remained 
partly  filled,  and  brings  them  together  with  a  sharp  movement  The 
movements  of  the  valves  are  therefore  effected  by  the  occurrence  of 
differences  of  pressure  upon  their  two  faces.  When  they  meet  they 
completely  close  the  orifice,  because  their  inner  edges,  which  are 
thinner  than  the  rest  of  the  valves,  are  brought  into  apposition 
and  held  so  by  the  high  pressure  acting  on  their  aortic  surfaces 
only. 

The  Sounds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  of  the  heart,  two  sounds 
may  be  heard  at  every  beat  of  the  heart,  which  follow  in  quick 
succession,  and  are  succeeded  by  a  pause  or  period  of  silence.  The 
first  or  systolic  sound  is  dull  and  prolonged ;  its  commencement 
coincides  with  the  impulse  of  the  heart  against  the  chest  wall,  and 
just  precedes  the  pulse  at  the  vvriat.     The  seeand  or  diasiolic  sound 


QH.  SX.] 


THE  HEABT  SOUNDS 


235 


f£   BF^ 


1A  O  «t 


-:>   - 


shorter  and  sharper,  with  a  somewhat  flapping  character,  and 
follows  close  after  the  arterial  pulse.  The  periods  of  time  occupied 
respectively  by  the  two  sounds  taken  together  and  by  the  pauBe,  are 
nearly  equal.  Thus,  according  to  Walshe,  if  the  cardiac  cycle  be 
divided  into  tenths,  the  first  sound  occupies  j^;  the  second  sound, 
^;  the  first  pause  (almost  imperceptible),  ^;  and  the  second  pause, 
fV,  The  sounds  are  often  but  somewhat  inaptly  compared  to  the 
syllables,  lubh — dnp. 

The  events  which  correspond,  in  point  of  time,  with  the  Jlrsi 
sound,  are  (1)  the  contraction  of  the  ventricles,  (2)  the  first  part  of 
the  dilatation  of  the  auricles,  (3)  the  tension  of  the  aurieulo-ventricular 
valves,  (4)  the  opening  of  the  semilunar  valves,  and  (5)  the  propul- 
sion of  blood  into  the  arteries. 
The  sound  is  succeeded,  in 
about  one-thirtieth  of  a  second, 
by  the  pulsation  of  the  facial 
arteries,  and  in  about  one-sixth 
of  a  second,  by  the  pulsation 
of  the  arteries  at  the  wrist. 
The  smond  sound,  in  point  of 
time,  immediately  follows  the 
cessation  of  the  ventricular 
coutraction,  and  corresponds 
with  {a)  the  tension  of  the 
semilunar  valves,  {h)  the  con- 
tinued  dilatation  of  the  auricles, 
(c)  the  commencing  dilatation 
of  the  ventricles,  and  {d)  the 
I  opening  of  the  auriculo-ventri- 
Bular  valves.  The  panm  iinme- 
I  diately  follows  the  second  sound, 

fand  corresponds  in  iis  Jlrst  part  with  the  completed  distension  of 
the  auricles,  and  in  its  second  with  their  contraction,  and  the  com- 
pleted distension  of  the  ventricles ;  the  aurieulo-ventricular  valves 
are  open,  and  the  arterial  valves  closed  during  the  whole  of  the 
pause. 

CaUBea. — The  exact  cause  of  the  first  sound  of  the  heart  is  a 
matter  of  discussion.  Two  factors  probably  enter  into  it,  viz,,  first, 
the  vibraiian  &f  ths  aurimilo-ventHciilar  valves  and  the  chordcs  tendinees^ 
This  vibration  is  produced  by  the  increased  intraventricular  pressure 
set  up  when  the  ventricidar  systole  commences,  which  puts  the  valves 
on  the  stretch.  It  is  not  unlikely,  too,  that  the  vibration  of  the 
ventricular  walla  themselves,  and  of  the  aorta  and  pulmonary  artery, 
all  of  which  parts  are  suddenly  put  into  a  state  ol  tension 
at  the  moment  of  ventricular  contraction,  may  have  some  part  in 
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producing  the  first  soimi  Secondly,  th4  muscular  sound  produced 
by  Gontractiou  of  the  mass  of  muscular  fibres  which  forms  the 
ventricle.  Looking  upon  the  contraction  of  the  heart  as  a  single 
contraction  and  not  as  a  series  of  contractions  or  tetanus,  it  is  at 
first  sight  difficult  to  see  why  there  should  be  any  muscular  sound 
at  all  when  the  heart  contracts,  as  a  single  muscular  contraction 
does  not  produce  sound.  It  has  been  suggested,  however,  that  it 
arises  from  the  repeated  unequal  tension  produced  when  the  wave 
of  muscular  contraction  passes  along  the  very  intricately  arranged 
fibres  of  the  ventricular  walls.  Many  regard  the  valvular  element  la 
the  more  important  of  the  two  factors,  because  the  sound  is  loudest 
at  first,  when  the  vibration  of  the  valves  commences,  and  fades 
away  as  the  vibrations  cease.  If  the  sound  was  mainly  muscular, 
it  would  be  loudest  when  the  muscular  contraction  was  most  powerful, 
which  is  approximately  about  the  middle  of  the  ventricular  systole. 
The  facts  of  disease  lend  support  to  the  theory  that  the  first  sound 
is  mainly  valvular ;  for  when  the  valves  are  incompetent,  the  first 
sound  is  largely  replaced  by  a  murmur  due  to  regurgitation  of  blood 
into  the  auricle.  After  the  removal  of  the  heart  from  the  body,  the 
muscular  contribution  to  the  first  sound  is  audible,  but  it  is  very 
faint.  It  is  stated  to  have  a  somewhat  lower  pitch  than  the  valvular 
sound- 
There  is,  on  the  other  hand,  much  to  be  said  against  the  view 
that  the  cause  of  the  first  sound  is  entirely  or  even  largely  due  to 
vibration  of  the  auriculo-ventricular  valves.  Any  sound  produced 
by  the  valves  must  be  very  quickly  damped  by  the  liigh  pressure 
acting  on  their  ventricular  surfaces  only.  The  sustained  character 
of  the  sound  (throughout  practically  the  whole  of  the  ventricular 
systole)  is  on  the  other  hand  exactly  what  is  to  be  expected  if  it  is 
of  muscular  origin.  The  argument  that  the  extent  to  which  the 
muscle  sound  contributes  to  the  production  of  the  first  sound  can 
be  judged  from  the  sound  heard  in  an  isolated  and  empty  heart  is 
quite  fallacious,  since  under  these  conditions  the  muscle  is  contract- 
ing against  no  resistance. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the  < 
first  It  is  entirely  due  to  the  vibration  consequent  on  the  sudden 
stretching  of  the  semilunar  valves  when  they  are  pressed  down  across  , 
the  orifices  of  the  aorta  and  pulmonary  artery.  The  infiuenee  of 
these  valves  in  producing  the  sound  was  first  demonstrated  l>y  Hope, 
who  experimented  with  the  hearts  of  calves.  In  these  experiments 
two  delicate  curved  nealles  were  inserted,  one  into  the  aorta,  and 
another  into  the  pulmonary  artery,  below  the  line  of  attaebment  of 
the  semilimar  valves,  and,  after  being  carried  upwards  about  half  an 
inch,  were  brought  out  again  through  the  coats  of  the  respective 
vessels,  so  that  in  each  vessel  one  valve  was  included  between  ths  | 
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arterial  walls  and  the  wire.  Upon  applying  the  stethoscope  to  the 
vessels,  after  such  an  operation,  the  second  sound  ceased  to  be 
audible.  Disease  of  these  valves,  when  sufficient  to  interfere  with 
their  efficient  action,  also  demonstrates  the  same  fact  by  modifying 
the  second  sound  or  destroying  its  distinctness. 

The  contraction  of  the  auricles  is  inaudible. 

The  first  sound  is  heard  moat  distinctly  at  the  apex  beat  in  the 
fifth  interspace;  the  second  sound  is  best  heard  over  the  second  right 
costal  cartilage — that  iSj  the  place  where  the  aorta  lies  nearest  to 
the  surface.  The  puhnonary  and  aortic  valves  generally  close  simul- 
taneously. In  some  Ciiees,  howevoFi  the  aortic  may  close  slightly 
before  the  pulmonary  valves,  giving  rise  to  a  "  reduplicated  second 
sound/'  The  pulmonary  contribution  to  this  sound  is  best  heard  over 
the  second  left  cartilage. 

The  Coronary  Ai^teries, 

The  coronary  arteries  are  the  first  branches  of  the  aorta ;  they 
originate  from  the  sinuses  of  Valsalva,  and  are  destined  for  the  supply 
of  the  heart  itself ;  the  entrance  of  the  coronary  vein,  into  the  right 
auriclej  we  have  already  seen  (p.  207). 

Ligature  of  the  coronary  arteries  causes  almost  immediate 
death ;  the  heart,  deprived  of  its  normal  blood<snpply,  beats  irregn- 
larly,  goes  into  fibrillary  twitchings,  and  then  ceases  to  contract 
altogether. 

In  fatty  degeneration  of  the  heart  in  man,  sudden  death  is  by 
no  means  infrequent  This  is  in  many  cases  due  to  a  growth  in 
thickness  of  the  walls  of  the  coronary  arteries  called  atheroma,  which 
progresses  until  the  lumen  of  these  arteries  is  obliterated,  and  the 
man  dies  almost  as  if  they  had  been  ligatured. 

Stif-^tftrinq  Art  ton  of  the  ffttarL — This  expression  was  originated  by  Brilcke* 
He  supposed  that  the  semilunar  valves  closed  the  orifit^es  of  the  coronary  arteries 
during  the  systole  of  the  heart  Unlike  all  the  other  arteries  of  Uie  bodv»  the 
coronary  arterie^^  would  therefore  fill  only  during  diastole*  and  this  itirreased  /ulness 
of  the  vessels  in  the  heart  walls  during  aiaj>tole  would  assist  the  ventricle  to  dilate. 
This,  however,  is  incorrect ;  the  valves  do  Dot  cover  the  mouths  of  the  arteries;  anti 
at  the  beginning  of  systole  the  velocity  ami  pressure  in  the  coronary  arteries 
incre^e  ;  out  (ater  on  during  systole  the  ventricular  wa\\  is  so  strongly  eon  traded 
that  the  musculiir  tension  becomes  greater  than  the  coronary  pressuref  and  so  the 
coronary  arteries  and  their  branches  are  compressed,  and  the  blood  driven  back 
into  the  aorta ;  the  coronary  arteries  are  then  again  fiJled  with  the  coniniencing 
diastole.  Self-steering  action  of  the  heart  therefore  exiits,  but  it  is  brought  about  in 
a  different  way  from  what  JJriicke  supposed, 


OardiographB. 

A  cardiograph  lb  an  instrument  for  ohtaining  a  graphic  record 
of  the  hearths  movements.     In  animals  the  heart  may  be  exposed) 
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and   levers  placed  in  connection   with  ite  various   parts  may  l>o 
employed  to  write  on  a  revolving  blackened  surface. 

A  simple  instrument  for  the  frog's  heart  is  the  following: — 

NF ^ 


^^ 


The  sternum  of  the  frog  having  been  removed,  the  pericardium 
opened,  and  the  frsenum  (a  small  band  from  the  back  of  the  heart 

to  the  pericardium)  divided,  the  heart  is 
pulled  through  the  opening,  a  minute  hook 
placed  in  its  apex,  and  this  is  fixed  by  a 
silk  thread  to  a  lever  pivoted  at  F  as  in 
the  figure.  The  cardiac  wave  of  contrac- 
tion starts  at  the  sums,  this  is  followed 
by  the  auricular  systole,  and  that  by  the 
ventricular  systole  and  pause.  This  is 
recorded  as  in  the  next  figure  (fig.  244) 
by  movements  of  the  writing  point  at  tlie 
end  of  the  long  arm  of  the  lever.  Such 
apparatus  is,  however,  not  applicable  to 
the  human  heartj  and  all  the  various 
forms  of  cardiograph  devised  for  this  pur- 
pose are  modifications  of  Marey's  tamlioitrs. 
One  of  those  most  frequently  used  is 
depicted  iu  the  next  two  diagrams. 

It  (fig.  24.^^  consists  of  a  cup-shapycd  metal  box  over  the  open  front  of  which  fs 
stretched  an  elastic  India  rubber  menibrarie,  upon  which  h  fixed  a  small  knob  of 
hard  wood  or  ivor>%  This  knob*  however,  may  be  attaebcd,  as  in  the  figufe,  to  the 
^ide  of  the  box  bv  means  of  a  springs  and  may  be  made  to  act  upon  a  metal  diec* 
Attached  to  the  elastic  membrane, 

*  _  The  knob  is  for  application  to  the  chest-wall  over  the  apex  bent.  The  box  or 
U^mbour  communicates  by  means  of  an  air-tight  tube  with  the  interior  of  a  second 
tftmbour,  in  connection  with  whieh  is  a  long  and  light  lever  The  shock  of  the 
heart's  impulse  being  communicated  to  the  ivory  knob  and  through  it  to  the  fijpst 
tamlKiur,  the  effect  is  at  once  transmitted  by  the  column  of  air  in  the  elastic  tubt: 
to  the  interior  of  the  second  tanibour«  Jilso  closed,  and  thru  ugh  the  elastic  and 
movabJe  lid  of  the  latter  to  the  lever,  which  is  placed  in  connection  with  a  register- 
ing apparatus*  which  consists  of  a  cylinder  covered  with  smoked  paper,  revolviitg 
with  a  definite  velocity.  The  point  of  the  lever  writes  upon  the  paper«  and  a  tracing 
of  the  hcait  s  impulse  or  cardiosrani  is  thus  obtained. 


FtG.    244.— Ciiniitigrapn    of    lrog» 

followed  liy  v<)ntncul&r  beat; 
T,  Um/e  In  Umlf  lAooadii. 
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pause,  the  tremors  at  the  comnienGement  of  which  are  partly  instru- 
mental and  partly  caused  by  the  closure  of  the  semilunar  valves. 

Another  method  of  obtaining  a  tracing  from  one's  own  heart 
consists  in  dispensing  with  the  first  tambour,  and  placing  the  tube 
of  the  recording  tambour  in  one's  mouth,  and  holding  the  breath 
though  keeping  the  glottis  open.  The  chest  then  acts  as  the  first 
tambour,  and  the  movements  of  the  lever  (cardio-pneumatogram)  may 
be  written  in  the  usual  way. 

Intracardiac  Presstu^e. 

The  tracings  of  the  cardiograph  are,  however,  very  variable,  and 
their  interpretation  is  a  matter  of  discussion.  A  much  better  method 
of  obtaining  a  graphic  record  of  the  events  of  the  cardiac  cycle  con- 
sists in  connecting  the  interior  of  an  auimars  heart  with  recording 


rto.  248.- 


-AppAtntuH  of  MM.  Chativeftu  tad  Murey  for  e:4tLiniLtiEig  the  variatloEii  of  em^locmTflfii^ 
pr(^Mj<u.raf  and  ihs  pnxlDctton  of  the  Impulse  of  ibe  1i«irt. 


apparatus,  Tiiere  are  several  methods  by  which  the  intracardiac 
pressure  may  be  recorded. 

By  placing  two  small  indiarubber  air-bags  or  cardiac  sounds  down 
the  Jugular  vein  into  the  interior  respectively  of  the  right  auricle  and 
the  right  ventriclCi  and  a  tliird  in  an  intercostal  space  in  front  of  the 
heart  of  a  living  animal  (horse),  and  placing  these  bags,  by  means  of 
long  narrow  tubes,  in  communication  with  tlu*ee  tambours  with 
levers,  arranged  one  over  the  others  in  connection  with  a  registering 
apparatus  (fig.  248),  Chauveau  and  Marey  were  able  to  record  and 
measure  the  variations  of  the  intracardiac  pressure  and  the  compara- 
tive duration  of  the  contractions  of  the  auricles  and  ventricles.  By 
means  of  the  same  apparatus,  the  synchronism  of  the  impulse  with 
the  contraction  of  the  ventricles  is  also  shown. 

In  the  tracing  (fig.  249),  the  intervals  between  the  vertical  lines 
represent  periods  of  a  tenth  of  a  second.     The  parts  on  which  any 
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^veii  vieftic^  line  blk  t^e{se&eDt  simtilteiteooa  ev«iit&    It  wiU  lie 
an  Ifaat  tbe  ooD^Eetion  of  the  Bxaida,  indicated  bj  tJie  marked 

Fenn'e  at  a  in  Ibe  finsl  tzadi^  eanaee  s  slight  inczBase  of  preBsum 
in  Ihe  Tentriclie,  whioh  is  slioini  ai  V  in  the  second  tracings  and 

[produces  ako  a  slight  impnbe,  which  is  indicaled  bj  a*^  in  the 
tracing.  The  cloenie  of  die  semilnnar  valves  cai^es  a 
momeDtariljr  increased  presauie  in  the  ventaride  at  n'«  aflects  the 
pressure  in  the  antiele  D,  and  is  also  shown  in  the  traciBg  of  the 
impulse  b'* 

The  laige  enrve  of  the  ventiicnlaf  and  the  impulse  tracings, 
between  a'  and  d',  and  a'  and  d",  are  caused  by  the  ventricular  con- 

^traction ;  while  the  smaller  undnlatinniv  between  E  and  c,  B'  and  c\ 
i'  and  c\  are  eanaed  hy  the  vibcatioiis  oonsequent  on  the  tightening 
and  ebsone  of  the  aoriculo-ventricnlar 
valves. 

Much  objection  has,  however,  been 
taken  to  this  metfaod  of  investigation- 
First,  because   it    does   not  admit  of 

I  both  positive  and  negative  pressure 
"  Bing  recorded.     Secondly,  because  the 

[•method  is  only  applicable  to  large 
animals,  such  a^  the  horsa  Thirdly, 
because   the    intzaventiicular   changes 

*  of  preaanre  are  communicated  to  tbe 
tambour  by  a  long  elastic 
column  of  air;  and  fourthly,  because 
the  tambour  arrangenient  has  a  ten- 
dency to  record  inertia  vibrations. 
Boll^ton  reinvestigated  the  subject 
witli  a  more  suitable  but  rather  com- 
plicated apparatus,  Tbe  principle  of 
the  method  consisted  in  placing  the  (^^ity  of  a  heart-chamber  in 
communication  with  a  recording  apparatus  by  means  of  a  tube 
containing  saline  solution.     His  recording  apparatus  consisted  of  a 

llever  connected  to  a  piston ;  the  upward  and  downward  movemenla 

I  of  the  piston-rod  were  due  to  the  varying  pr^snres  exerted  on  the 

1  blood  by  the  contraction  and  dilatation  of  the  heart;  the  rise  and 

[fall  of  tbe  lever  were  controlled  by  the  resistance  to  torsion  of  a 
ateel  ribbon  to  which  it  was  attached  The  following  figure  (fig. 
250)  shows  the  kind  of  tracing  he  obtained.     He  found: — 

1.  Timt  there  is  no  distinct  and  separate  auricular  cimtracticiD 
marked  in  the  curves  obtained  from  either  righl;  or  left  ventrielee^ 

Tlicre  can  be  do  doubt  that  tbe  point  d  which  Marcjr  eamgiaei 
[«1Ui  tbe  closure  of  the  semiluoar  ralves  does  not  really  do  s&.    Tte  < 
much  earlier  (£  ia  Bg.  252}. 


»Bd(I).  l:  „.  -_,__i«  of  tlw^Mrt; 
to  bi  tmd  b^m  iea  to  tit^i  «^ 
UiDfid    b^  CbMswma    nd   Mmmr^ 
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the  auricular  and  ventricular  rises  of  pressure  being  merged  into  one 
continuous  rise. 

2.  Tliat  the  auriciilo-ventricular  valves  are  closed  before  any 
great  rise  of  intraventricular  pressure  above  that  which  results  from 
the  auricular  systole  occurs  {a,  fig.  250).  The  closure  of  this  valve 
does  not  produce  any  notch  or  wave, 

3,  That  the  semilunar  valves  open  at  the  point  in  the  ventricular 


Fid.  SAO.— Curve  from  M%  VDHtriclu  ubulUExi  by  RoIlf»toti'«  ftppanLuH ;  the  flb»c[«i&  stkowi 
Ati2]0!ipl]»rle  pressure. 

systole,  situated  (at  c)  about  or  a  little  above  the  junotion  of  the 
middle  and  upper  third  of  the  ascending  line  (a  b),  and  the  closure 
about  the  shoulder  (d). 

4,  That  the  minimum  pressure  in  the  ventricle  may  fall  below 
that  of  the  atmosphere,  but  that  the  amount  varies  considerably. 

Another  method  of  overcoming  the  imperfections  of  Marey's  tam- 
bour is  by  the  use  of  Hiirthle's  manometer  (fig,  244),  In  this  the  tam- 
bour is  very  small,  the  membrane  is  made  of  thick  rubber,  and  the 


WWkn  S91«— Htirthle*!  Minometer. 


whole,  including  the  tube  that  connects  it  to  the  heart,  is  filled  with 
a  strong  saline  solution  (saturated  solution  of  sodium  sulphate). 

The  tracing  obtained  by  this  instrument,  when  connected  with 
the  interior  of  the  ventricle,  is  represented  in  the  next  figure. 

The  auricular  systole  causes  a  small  rise  of  pressure  A  B ;  it  lasts 
about  *05  second  It  is  immediately  followed  by  the  ventricular  con- 
traction, which  lasts  from  B  to  d*  From  b  to  c  the  ventricle  is 
getting  up  pressure,  so  that  at  C  it  equals  the  aortic  pressure.  This 
takes  "02  to  *04  second  Just  beyond  c  the  aortic  valves  open,  and 
blood  is  driven  into  the  aorta;   the  outflow  lasts  from  c  to  D  (*2 
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sectnt(l).  At  h  the  veutricle  relaxes.  The  flat  part  of  the  curve  is 
spoken  f»f  as  the  s^/stolic  plateau^  and  according  to  the  state  of  the 
heart  and  the  peripheral  resistance  may  present  a  gradual  ascent  or 
descent;  it  occupies  about  18  second.     Aimost  immaliately  after  the 

_D 


Viu.  2.12.— Curve  of  Liitr« ventricular  jfrcMSure.    (Afl*r  Mdftlili",) 

relaxation  begins  the  intraventricular  pressure  falls  lielow  the  aortic, 
so  that  the  aortic  vah  es  close  near  the  upper  part  of  the  descent  at  e. 
The  amount  of  pressure  in  the  heart  is  measured  by  a  manometer^ 
which  is  connected  to  the  heart  hy  a  tube  containing  a  valve.  This 
was  first  used  hy  Goltz  and  Gaule.  If  the  valve  permits  fluid  to  go 
only  from  the  hearty  the  manometer  will  inLUcate  the  maximum  pres- 
sure ever  attained  during  the  cycle.  If  it  is  turned  the  other  way, 
it  will  indicate  the  minimum  pressure.  The  following  are  some  of 
the  measurements  taken  from  the  dog's  heart  in  terms  of  millimetres 
of  mercury : — 

MAxtmnm  Hlutmum 

prenurB.  pmnurw. 

Left  ventrkle  ,  ,  ^140  mnii  -  30  to  40  mm. 

Right  ventricle  ,  .  .      SO  mm,  - 15  mm. 

Right  nuride  *  .  *  ,       20  mm.  -    7  to  8  mm* 

By  a  negative  (  — )  pressure  one  means  that  the  mercury  is  sucked  up 
in  the  limb  of  the  manometer  towards  the  heart. 

Another  viiluable  instrument  introduced  by  Htirthle  is  caUed  the  differential 
manometer.  In  this  instrntnent,  two  cAEinuls^  are  brought  into  coimeftion  with 
tambsiura  (a  and  m)  whieii  work  on  points  of  a  lever  at  equal  distances  from  and  on 


—  M-^:^^^ 


B  A 

Fio.  26E.— Df&gnni  uf  fliirtble'*  dlflbrtiulial  Muiometcr. 

opposite  sides  of  ib  fulcrum  (r).  The  lever  sets  in  motion  a  writing  style  (s).  This 
instrument  enables  us  to  detenu  I  ne  the  relations  of  the  pressure  changes  in  any 
two  cavities.  For  instance^  suppose  a  i<»  connected  to  the  left  ventricle,  and  n  to 
the  aorta  ;  when  the  pressure  in  the  ventricle  is  greater  than  that  in  the  aorta,  the 
writing  style  will  be  raised;  when  the  pressure  in  the  aorta  is  j^reatcr  than  that  in 
the  ventriclet  the  style  will  fall ;  when  the  tM  o  pressures  are  equals  it  will  be  in  the 
*ero  position. 
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Frequency  of  the  H^ixt's  AoUoa. 

The  heart  of  a  healthy  adult  man  contT:a<2ts  about  72  times  in  a 
minute;  but  many  circumstances  cause  this  rate,  which  of  course 
corresponds  with  that  of  the  arleri&l  pulse,  to  vary  even  in  health. 
The  chief  are  age,  temperament,  sex,  food  and  drmk,  exercise,  time 
of  day,  posting,  atmospheric  pressure,  temperature.  Some  figures 
in  reference  to  the  influence  of  Bige  are  appended. 

The  frequency  of  the  heart's  action  gradually  diminished  from  the 
commencement  to  near  the  end  of  life,  but  is  said  to  rise  again  some- 
what in  extreme  old  age,  thus : — 


Before  birth  the  avenige  number 

or  pul^tions  per  itunute  is  .  I&O 
Just  after  birth  .  .  from  HO  to  ISO 
DvLting  the  first  year  .  ,,  130  to  115 
During  the  seeoml  yt-iir  „  115  to  100 
During  the  third  year  .       „     100  to    &0 


About  the  seventh  year  .   from  90  to  S5 
About      tbe      fourteenth 

year      .  .         .       ,,     85  to  80 

loadujtage     .        .        .       „     80  to  70 

lo  old  Rge 70  to  60 

In  deciepttude  ,         .       ,,     75  to  05 


In  heiklth  there  is  observed  a  nearly  uniform  relation  between 
the  frequency  of  the  beats  of  the  heart  and  of  the  respirations ;  the 
proportion  being,  on  an  average.  1  respiration  to  3  or  4  beats.  The 
same  relation  is  generally  maintained  in  the  cases  in  which  the  action 
of  the  heart  is  naturally  accelerated,  as  after  food  or  exercise ;  but 
in  diseaso  tins  isolation  may  cease. 


Work  of  the  He«rt* 

Wuii**r  ciKuj^ares  the  work  performed  hy  the  heart  in  the  day  to  that  done  by  an 
ttblr-bodifd  labourer  working  hard  for  two  hours*  The  heart  s  work  consists  in  dis- 
charK'iug  blood  a^tuist  pressure,  and  in  imparting  vdocit>"  to  it  Thus,  if  V  repre- 
sent?* the  tmtpiit  of  the  hcurt  per  beat  meAsurea  in  eubic  eeDtimetreSt  and  P  the 
mtMiti  pr<"?j5Ure  uv  the  tiorta,  m  tne  mass  <if  the  blood*  and  r  the  velocit^^  imparted  to 
it  i  the  work  IV  is  giveo  by  the  equaticin  ; — 

=  V^  +  I  Mr* 

wUfre  h  h  tht  tueiui  pressure   in   the   aorta  expressed  in   centimetres  of  blood, 

di\w  drn?iity  ^4'  the  bhiod*  and  ff  the  aeceleralion  of  gi^\1ty  {&S1> 

If  uiiw  n  b  llie  tninij verse  section  of  the  aortic  orifice,  ^  that  of  the  sorta,  i  the 
iIiirHtkiii  of  the  ventricular  systole,  and  f i  the  duration  of  the  cardiae  cycle,  then,  if 
i\  h  the  intmu  velocity  of  the  blood  in  the  aorta, 

V  —  orl  -  frp|#i. 

I,nt  UN  HwMiiriic  tliiil  the  output  of  the  heart  is  110  e,e.  per  beat  The  duration 
nf  Ihn  ciirdiiii^  t-ycle  U  u*»  set.*  and  that  of  the  ventricular  systole  is  0*3  set*.  The 
illaim^IrT  of  I  he  acirtii  U  nlnmt  a  ems.  and  that  c^f  the  aortic  orifice  2't>  cms,  Remcm- 
hiTlHH  I  hat  I  lie  mdluH  in  i;«eh  eiiJic  is  half  the  diatneter,  we  have  : — 


Tlit*rwfur«! 


110 


O'S  X  e  =  ir(l-5)*  x  0*8  x  r, 
Lit  i'^  =  19 '45  cms,  per  second 


l^rmhr  I A  lift  ih*  mmm  vwttttHijf  a/  th»  hhnMt  in  fhf  itor(tf, 

U  // r#|«r«iMHtU  tho  meaif  iotraveutrk-ulur  pressure  during  the  time  blood  is 
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beings  discharged  into  the  aorta,  measiir«d  in  cni^,  of  blood,  and  h  the  tmmn  aortic 
pressure  over  the  same  tini(?«  then : — 

Or  //-''^-^ 

^  '*  ^  2  X  981 

=  A  +  3-77  cms,  of  blood 

J^t  U,  ths  TTUfan  inirarmtrirular  pre^mre  during  th«  time  thti  MmiihnaT  valvM  am 
«p#R  U  onh  3 '77  rma,  of  blood  ar  0-28  cmji.  of  msreurif  ht^hfir  ihau  thtf  inmn  af>Hh 
ptmmr^  during  ths  $am»  time.  Ws  mat/  luh  the  nmtn  aortk  prtmura  durimf  tha 
duration  of  t^ttolM  m  approjrimatdj/  12  cnu.  of  mfrmty  or  15fl  nrw,  of  blood^\f  wit 
tak4  th§  dmitly  of  msrruri/  at  bring  13  timst  thni  of  ih^  bUmi. 

Now  if  Bp  represents  the  total  potentinl  energy  rrealed  by  the  heart  per  beat, 
then, 

Ep  =  VijdH. 

A  part  of  this  enerK^,  Ek,  is  converttrd  into  kinetic  energy  since  velocity  Is 
imparted  to  the  blood,     fiiis  amount  m  given  by  the  formula  :^  , 


Froni  these  two  fotinul^ 


iiV=  iVdt-\ 


or 


Again 


Ep  =  no  K  *sr  :..  1*05  X  {150  +  3-77)  ergs 
-  no  :-;  1-05  >^  (159-77)  irrni,  cms. 
=  18453*4  grm.  cm-s. 

MpVgdM 


-  H-h 
159-77 

"    377 

—  40  approximately. 

That  itt  -^  of  ih9  total  ^nar^if  of  ike  h«art*3  btHii  h  uxpd  in  impnHin^  vdoHty  to  th^ 
bltfod. 

When  the  blood  reaches  the  aorta  ita  velocity  is  gradually  checked,  i.^,,  some  of 
the  kinetic  eoci^  imparted  to  It  by  the  heajt  is  r<H?onverted  into  energy  of  pressure. 
The  remaining  kinetic  energy  is  given  by  the  equation  i — 

_  Vdvij' 

-  22*276  grro,  cms, 

H«nfin,  t.h«  kinHie  ^lUff^  of  the  bhod  in  fha  aarta  u  onltf  approjnmaiBly  ^^^  of  tht 

ioial  emrrffj/  imparitd  to  th9  blood  by  th^  heart. 

Thr  Output  t\f  thv  Fhart—The  first  estimations  of  the  work  of  the  heart,  made 
by  Volkmann  and  Vierordt,  gave  numbers  nearly  double  those  stated  in  the  preced- 
ing paragraph.  Recent  research  has  shown  that  their  estimate  of  the  output  of  the 
heart  was  excessive.  Direct  measurements  of  the  heart *s  output  have  been  made 
by  Stolnikow  nod  Tigi^rsledt*  The  former  t'ut  off  bv  ligature  the  whole  of  the 
svstemic  Hrculation  in  the  dopf,  and  then  measured  the  Hrnonnt  of  blood  passing 
tkrough  tlie  simplified  circulation  which  consisted  only  of  the  pulmonary  ana  coron- 
ary  vessels  by  means  of  a  graduated  cylinder  interposed  on  thecourseof  the  vessels 
(see  fig,  254).  Tigcnstcdt  made  his  observations  by  means  of  a  Stromuhr  (see  next 
chapter)  inserted  mto  the  aorta.  Severe  operative  measures  of  this  kind,  however, 
int^fere  with  the  circulation  a  good  deal. 
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Gr^hant  and  Quinqu&nd,  and  ZnnU  ad0pted  an  indirect  method  based  on  the 
comparison  of  the  amount  of  oxyg^en  iibsorbed  in  the  lungs  \*ith  the  aniount  added 
to  the  blood  in  ils  passage  throuyfh  the  pulmonary  circulation. 

G.  N.  Stewart  has  introduced  an  tngenjous  method^  the  principle  of  which  is 
the  following:— A  soluhon  of  m^  inoLicuous  suhjilancc,  which  can  be  easily  rccog- 
n'mcd  and  estimated,  is  ailowetl  to  How  for  a.  definite  time  and  .it  a  uniform  rate  into 

the  heart ;  tJie  substance  selected  waii 
sod  iu  m  ch  loride.  Thisfning^leswiththe 
blood  and  passes  into  the  circulation. 
At  a  convenient  point  of  the  vascular 
system t  a  sample  of  blood  is  drawn  off 
just  before  the  injection,  and  an  equal 
amount  during  the  passage  of  the  salt ; 
the  quantity  of  the  sodium  chloride 
solution  which  must  be  added  to  the 
first  sample  in  order  that  it  may  contain 
as  much  i\s  tbe  second  sample  is  dcter- 
mined.  This  determination  ^vft^B  the 
extent  to  whieh  the  salt  solution  has 
been  mixed  with  the  blood  in  the  heart, 
and  knowing  the  quantity  of  the  solu- 
tion whif'h  has  run  into  the  heart,  the 
output  in  a  given  time  (!an  be  cah^ulated. 
AIJ  these  eitperiments  have  been  on 
animals.  The  results  obtained  neces- 
sarily varv  with  the  size  of  the  animal 
used,  anfi  with  the  rate  at  which  the 
iieart  is  l>eating.  If  the  same  rehition- 
ship  liolds  for  man  as  for  animals, 
Stew'art  calculates  that  in  a  man  weigh- 
ing 70  kilos,  the  output  of  eath  ventricle 
per  second  is  less  than  0*002  of  the  body 
weight,  i*t, ,  about  105  grammes  of 
blood  per  second,  or  87  grammes  (about 
SO  c,c. )  per  heart  beat  with  a  pulse  rate 
of  72.  Zuntz  obtained  rather  smaller 
numbers  by  his  method. 

An  instrument  ealled  the  ntniitjr^ 
mft^r  was  invented  by  Roy  for  rea^is- 
tering  the  output  of  the  lieajrt.  His 
instrument  was  made  of  metal,  and  oil 
was  used  as  the  transmitting  medium 
in  ibi  interior.  A  simple  modification 
of  this  applicable  to  the  heart  of  a  sniall 
mamma)  (ike  a  eat  has  been  devised  by 
Barnard.  It  eonsists  <jf  nn  imliarubbcr 
tennis  Imll  with  a  ein-ulur  orirtt'e  cut  in 
one  side  of  it  larp?  enough  to  admit  the 
he^rt  J  a  glass  tuoe  is  securely  fixed  into 
a  small  opening  on  the  opposite  side 
of  the  balL  The  animal  is  anaesthetised, 
and  its  thorax  opened.  The  animal  is 
kept  ahve  by  artificial  respiration. 
The  i>crieftr<iinm  is  then  opened  bv  a  crucial  incision,  the  heart  is  slipped  into  the 
bah  i  the  |H'rirnrdium  overlaps  the  outside  of  the  ball,  and  the  apparatus  is 
rendered  Jiir-tight  hy  Hmearing  the  edges  of  the  hole  with  vaseline.  The  four 
corners  of  the  pcrtcnrdiuni  are  then  tightly  tied  by  ligatures  round  the  glass  tube 
just  mentioned  This  tube  \h  connected  by  ii  stout  indiarubber  tube  to  a  Marey*s 
tambour  or  a  piston- recorder,  the  WTit  ing-fxiiiit  of  which  is  appUed  to  a  moving 
blackened  cyhndcr.     When  the  heart  contraHs,  air  wiJl  be  withdrawn  from  the 


Pig.  364.— BUrjlulkQw  s  appantuii.  k\tiA  B  uv 
twQ  cynn<l«irii  titted  witti  tlijalH  tifdvided  with 
ftrrltlng-poluis  At  theJr  upptit  eiiilH.  Tho  tube 
inm%  the  lower  f«id  of  each  bifurcmteti  Into 
twO|  d  AQ(I  V  ijom  A  ;  n'  ktid  v'  from  B.  ei  and 
u  an  uait^Ml  togtlbttr  aod  vfiiin^T  the  right 
^rotl'l  i'Ftpry ;  vuid  ¥  uotta  «nd  ure  liiiiertt«d 
IqIo  the  iupflrior  v«n*  cava,  Tbe  remaining 
tmnohMi  or  th»  aorta  and  th«  Inforior  v«na 
gftira  aro  tl«d.  H  in  flrat  ItUe4  with  rlelltxHti- 
aWi  bloc^Hilf  which  pftAFieii  ilQwni  ^  Into  the 
rlicht  mirliclfl,  thui^ici]  to  the  rfulit  v«utrlc1«, 
irirjgi  (wboi^  i%  In  Qvy^«natcd)^  vnd!  tbeii 
HI]  tern  Ihn  laft  «ld(i  yf  th#  beart ;  the  left 
vfintrlclfl:  airpnU  It  by  tbe  tube  a  intO'  A,  w 
Ibat  tlio  1to«%  tn  A  rtiM  wb^  that  to  8  faUit. 
A«  mvjti  ai  B  Ii  ftmpljr  the  tab»  v  and  ^' 
wtklrh  wt^iff!  |Tmirlaiua)]r  clani|MH|  Kre  relnHod^ 
am'  •  '  ^)<^  cl»nip**Ht  timtt^d.  T>ie  li'ift 
vcr,  ■    jjp]*  itA  b]ij<>J  tiy  the  tube  n* 

In  I-'  I  i\\  qhtJuttaanrjUMty  A  emptlf^a 

lUx-W  ijur.n,  u  If  Intrt  thii  dght  KJck  af  tl)C» 
liwirL,  YA^fiiv,  liiip*  are  thnt  Kvv^p*\  by  thi? 
wrtlknv  irn-Li*  ,Mi  tb«  Ui\i  at  Lh«  llrjALa,  ati>l 
t\vu  .   4iFiablr^»  unn  to  4DitiitiJi.t«<  tlie 

o>j  i'ft  vi^utrtiMe  In  a  glv^ii  tirFi<]« 
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tiimbour  to  the  cardiometer ;  when  the  ht-ari  t^xpands*  the  air  will  move  in  the 
reverse  direction.  Thege  movements  rtc  written  bj  the  end  of  thtf  lever  of  the 
tambour,  and  variations  in  the  excursions  of  this  lever  eorre,spoiifl  with  variations 
in  the  amount  of  blood  expt-lled  from  or  drawn  into  the  heart  with  systole  and 
diastole  respeetively*  By  e^ilibratinj?  the  instrument  the  aetunl  volume  of  the 
blood  expelled  can  be  asceKaioed. 


Innervatioti  of  the  Heart. 

The  nerves  of  the  heart,  wliich  uiider  normal  circumstances 
control  its  movements,  are : — 

1.  Cardiac  brancheB  of  the  vagtis  (inhibitory  fibres)* 

2.  Cardiac  branches  of  the  Byinpathetie  (augmentor  and  acceler- 
ator fibres). 

These  pass  to  the  heart  and  terminate  in  certain  collections  of 
ganglion  cells  in  ita  wall ;  from  these  cells  fresh  fibres  are  distributed 
among  the  musctilar  fibres.  In  addition  to  these  nerves,  which  are 
effemnt,  we  have  to  mention  :~ 

3.  The  sensory  or  afferent  nerves  of  the  heart,  the  best  known  of 
which  is  called  the  depressor  nerve.  Tliis  nerve,  starting  from  the 
cardiac  tissue,  joins  thevagiis  trunk;  it  passes  to  the  bulb, especially 
to  the  vaso-motor  centre.  We  shall  therefore  postpone  its  study 
until  we  are  considering  the  vaso-motor  nerves. 

The  Vagus. ^The  ninth,  tenth,  and  eleventh  cranial  nerves  arise 
close  together  from  the  grey  matter  in  the  floor  of  the  fomrth  ventricle, 
and  leave  the  bulb  by  a  number  of  rootlets.  These  rootlets  are 
divided  by  Grossmann  into  three  groups,  a,  h,  and  c ;  there  is  a  good 
deal  of  blending  of  the  rootlets  before  they  ultimately  emerge  from 
the  skull,  but  the  a  group  corresponds  fairly  well  with  the  fibres  of 
the  glossopharyngeal^  h  with  those  of  the  vagus,  and  e  with  those  of 
the  spinal  accessory.  The  rootlets  of  the  tenth  nerve  pass  through 
two  ganglia  called  respectively  the  jugular  ganglion,  and  the  ganglion 
trund  vagi.  The  fibres  of  the  spinal  accessory  nerve  which  join  the 
vagus  are  chiefly  motor,  especially  to  the  lar}Tix,  but  some  go  to  the 
heart.  The  vagus  gives  off  branches  to  many  organs,  pharynx,  larynx, 
lieart,  lungs,  oesophagus,  and  various  abdominal  organs.  We  have, 
liowever,  in  this  place  only  to  deal  with  its  cardiac  fibres.  It  has 
been  known  since  the  experiments  of  the  Brothers  Weber  in  1845 
tliat  stimulation  of  one  or  both  vagi  produces  slowing  or  stoppage  of 
the  beats  of  the  heart,  It  has  since  been  shown  that  in  all  vertebrate 
animals,  this  is  the  normal  result  of  vagus  stimulation ;  the  pheno* 
men  on  is  called  inhihition,  and  the  nerve- fibres  cardio-inhiiitorf. 
Section  of  one  vagus  produces  slight  acceleration  of  the  heart ;  this 
result  is  Ixstter  marked  when  both  vagi  are  divided.  This  shows  that 
the  restraining  influence  of  the  vagus  ia  being  continuously  exercised ;  it 
is,  however,  found  that  the  amount  of  vagus  control  so  exercised  varies 
a  good  deal  in  different  animals.     The  most  potent  artificial  stimulus 
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which  can  be  applied  to  the  vagus  nerve  to  produce  inhibition  of  the 
heart  is  a  rapidly  interrupted  induction  current ;  severe  mechanical 
stimuli  have  a  slight  effect,  but  chemical  and  thermal  stimuli  are  in- 
effective. 

A  certain  amount  of  confusion  has  arisen  as  to  the  effect  of  vagus 


Plo.  SKfii.  — TnicJng  abowing  the  HcLiona  of  tJi*  i^Agua  on  the  be«rb.  Aur,,  Audcul&r ;  VetU.,^  vutitrlciiilKr 
tracing.  Th*  pArt  botneen  the  prp«tiiliinil&r  Iipm  tndic»t«fl  tlio jMsrlod  of  vagufi  ttimulAtion.  C.8 
iudleate^  that  the  tocondary  coll  wtA  8  e.m,  from  the  pritnnty.  Tht?  ii&rt  at  Uin  Irwitng  to  tba  left 
bUdwi  tbfl  regular  oiDtnu^blon^  of  modemte  beiijht  usforc  atimaUtton.  During  dtltnulatfon,  atid 
(br  mjims  tlmD  aft^r,  tlie  beats  of  auriuk  and  vyiitrtcle  are  &rn!iHtf^.  Aflor  thi^  commence  ^ain 
tliey  are  imall  at  flrat,  btit  «i©ii  acquire  a  nmch  gramtor  mnpHtudQ  !Ji«i  bdlbra  U10  appll  cation  of 
the  fltlfDoloB,    (F^m  Hfuutotir  aftcK^askEilLJ 

stimulation,  lijecause  so  many  experiments  have  been  made  on  the 
frog.  In  this  animal  the  sympathetic  fibres  join  the  vagus  after  it 
loaves  the  skull,  and  so  what  is  usually  called  the  vagus  in  this 
animal  should  more  properly  be  termed  the  vago-sympathstic.  It  will 
readily  be  understood  that  by  stimulating  a  mixed  nerve,  one  obtains 
an  intermixttire  of  effects.  If,  however,  one  stimulates  the  intra- 
cranial vagus  before  the  syni  path  otic  blende  with  it,  a  pure  inhibitory 


^^'11 
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.ijLunwmAj 


F4ti.  2Wa*— Tracing  ahuwlng  dltnlubitkf^fl  anmlituiiu  av.A  ftJawmg  of  tbe  I'uta^tjons  of  the  auricle 

vrotrk'Iff:  without  complete  «t>oppag«  aurfiig  illiouLatlotk  of  the  vagi^g,    fFmoi  Brujitou,  after 
OaskoU.) 


effect  is  obtained.  Figs,  255  and  256  show  the  common  effect  of 
stimulating  the  mixed  trunk ;  the  inhibitory  effect  is  usually  mani- 
fested first,  and  this  is  followed  by  the  augmentor  effect  due  to 
sympathetic  action.  But  it  is  by  no  means  infrequent  to  obtain  the 
phenomena  in  the  reverse  order.     It  is  often  stated  that  the  right 
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nerve  contains  more  inhibitory  fibres  than  the  left,  but  this  in  by  no 
means  a  constant  rule.  One  can  alwaye  obtain  good  inhibition  if  tho 
stimnlos  is  applied  to  the  wall  of  the  Binus;  here  one  Btimulatea 
the  post-ganglionic  fibres  wliich  originate  from  the  nerve-eellB  in 
the  sinus  ^ngUon  around  which  the  vagi  terminate. 

The  eflfect  of  the  stinuilua  is  not  immediately  seen ;  one  or  more 
beats  may  occur  before  stoppage  of  the  heart  takes  place,  aud  fllig!it 
stimulation  may  produce  only  slowing  and  not  complete  stoppage  of 
the  heart  (fig,  256),  The  stoppage  may  be  due  either  to  prolongation 
of  the  diastole,  as  is  usually  the  case,  or  to  diminution  of  the  systole, 
Vagii3  stimulation  lessens  the  conductivity  of  the  cardiac  tiasuo, 
but  it  does  not  abolish  the  irritabiUty  of  the  heart-muscle,  since 
nueohanioal  stimulation  may  bring  out  a  beat  during  the  stand-BliU 
caused  by  vagus  stimulation.  The  inhibition  of  the  beata  varids  in  j 
dinratton,  but  if  the  stimulation  is  a  prolonged  one,  the  beats  reappear 
before  the  current  is  shut  off  This  is  known  as  "  vagus  eiicape,  and 
occurs  in  all  animals;  it  is  probably  due  to  fatigue  of  the  vagal 
^dings. 

The  Sympathetic. — ^The  influence  of  the  s}Tnpatliotic   is   the 
reverse  of   that  of   the  vagus.      Stimulation   of    the  flympathotto 
produces   acceleration   of  the  heart-beatSp  and  according   to   most 
obaerversi  section   of  the  nerve  produces  no  slowing.     Hence  the 
nerve  is  not  in  constant  action  like  the  vague.     The  acceleration 
produced  by  stimulation  of  ^the  sympathetic  fibres  is  accompanied  by  J 
increased   force,  and  so  the  action  of  the  nerve  is  also  termed  i 
augm^rdcT,     It  is  probable  that  the  augmentor  fibres  are  distinct 
from  the  accelerator  fibres,  because  in  mammals  one  or  two  of  the 
small  nerves  leaving  the  stellate  ganglion  on  stimulation  produce| 
augmentation  without  acceleration. 

The  fibres  of  the  sympathetic  system  which  influence  the  heart- 
beat in  the  frog,  leave  the  spinal  cord  by  the  anterior  root  of  the 
third  spinal  nerve,  and  pass  by  the  ramus  commnnicans  to  the  third 
sympathetic  gangUon,  then  to  the  second  sympathetic  ganglion,  then 
by  the  annulns  of  Vieussens  (round  the  subclavian  artery)  to  the  first  ^ 
sympathetic  ganglion,  and  finally  in  the  main  trunk  of  the  sympa- ' 
the  tic,  to  near  the  exit  of  the  vagus  from  the  cranium,  where  it  joins 
that  nerve  and  runs  down  to  the  heart  within  its  sheath,  forming  the 
joint  vago-sympathetic  trunk.  These  fibres  are  mdioated  by  the  dark 
lino  in  fig.  257,  The  fibres  of  the  8}Tn pathetic  seen  running  up  into 
the  skull  are  for  the  supply  of  blood-vessels  there.  It  shuuld  bo  noted 
that  the  frog  has  no  spinal  accessory  nerva 

In  the  mammal  the  sympathfvtic  fibres  leave  the  cord  by  tbi 
second  and  third  dorsal  nerves,  and  possibly  by  anterior  roots  of  two 
or  more  lower  nerves ;  they  pass  by  the  rami  comniunicantes  to  the 
ganglion   stellatum,  or   first  thoracic  ganglion,  and    thence   by  the 
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aiiiiulus  of  Vieussens  fco  the  inferior  cervical  ganglion  of  the  sym- 
pathetic; fibres  from  the  annulus,  or  from  the  inferior  cervical 
ganglion,  proceed  to  the  heart  (see  fig,  258), 

In  man,  the  cardiac  branches  of  the  eym pathetic  travel 
to  the  heart  from  the  annulus  of  Vieussens  and  cervical 
6}'mpathetie  in  superior,  middle,  and  lower  bundles  of  fibres. 
These  pass  into  the  cardiac  plexus,  and  surrounding  the  coronary 

vessels  ultimately  reach 
the  heart.  They  probably 
contain  vaso-motor  fibres  for 
these  vessels,  as  well  as  the 
more  important  fibres  for  the 
heart  itself. 

By  stiinuLatiJiji^  each  rooth^t  in 
his  three  groups,  Gr<>ssniann  found 
the  carcUoiiihihitory  fibres  in  the 
lowt^r  two  or  thri-e  rontUHs  of  group  h 
and  the  upper  rootk-t  of  group  r. 
There  are  probably  differer»ces  tn 
different  anin^als.  I  n  the  cat  and  dog 
Didrttan  finds  that  the  rootlets  in  the 
ft  group  are  respiratory  and  afFerenI 
inhibitory*  and  that  till  the  efferent 
inhibitory  fibres  are  m  gfroup  c. 

The  inhibitor)'  fibres  arc  medul- 
lated*  and  only  measure  2/i  to  3/i  in 
diameter ;  tliey  pa,ss  to  the  heart  and 
have  their  eell-statioiis  in  tiie  ganglia 
of  that  organ.  The  sympathetic 
fibres,  on  the  other  hand*  reach  the 
heart  OS  non-m educated  fibres  ;  they 
have  their  eel  I -stations  in  the  Rym- 
pathetic  (inferior  cervical  and  fir^t 
thoracic)  pinglia.  The  auginentor 
and  aeeelerator  centres  in  the  central 
nervous  system  have  not  yet  been 
accurately  localised. 

Fio-  2&7— Heart  iiOTVf*  of  fmg.    (magmmmatlc)  Infiutnm     of     DrUff.^.^The 

question  of  the  action  of  drugs 
on  the  heart  forms  a  large  branch  of  pharmacology.  We  shall  be 
content  here  with  mentioning  two  only,  as  they  are  largely  used  for 
experimental  purposes  by  physiologists.  Afrqpine  produces  consider* 
able  augmentation  of  the  heart- beats  by  paralysing  the  inhibitory 
mechanism,  Mmcarins  (obtained  from  poisonous  fungi)  producea 
marked  slowing,  and  in  larger  doses  temporary  stoppage  of  the 
heart.  Its  effect  is  a  prolonged  inhibition,  and  can  be  removed  by 
the  action  of  atropine.  The  action  of  atropine  cannot,  however,  be 
easily  antagonised  by  muscarine ;  a  large  dose  is  necessary.  That  these 
drugs  act  on  the  nerves,  and  not  the  muscular  substance  of  the 
heartj  is  showa  by  the  fact  that  in  the  hearts  of  early  embryos,  so 
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early  that  no  nerves  Jiave  yet  gro\\-n  to  tho  heart,  these  drugs  have 
little  or  no  effect     (Pickering*) 

Se/^  Inhibition. — Thus  there  is  no  doubt  that  the  vagi  nerves 
are  simply  the  media  of  an  inhibitory  or  restraining  inEuence  over 
the  action  of  the  heart,  which  ia  conveyed  through  them  from  the 
centre  in  the  medulla  oblongata,  which  is  always  in  operation.  The 
restraining  influence  of  the 

centre  in  the  medidla  may  dM^uiur^n^n^n 

be  reflexly  increastfi  by 
stimulation  of  many  afferent 
nerves,  particularly  those 
from  the  naaal  niucons 
membrane,  the  larynx,  and 
the  lunge.  A  blow  on  the 
abdomen  causes  inhibition 
and  fainting;  a  blow  on  the 
larynx,  even  a  moderate  one, 
will  kill  There  is  no  com- 
parison between  the  ease 
with  which  stimulation  of 
the  laryngeal  or  pulmonary 
fibres  produces  inhibition,  as 
compared  to  the  difficulty  of 
obtaining  inhibition  from  the 
alimentary  tract.  Chloro- 
form vapour*  and  tubaceo 
amoke  in  some  people  and 
animals,  by  acting  on  the 
terminations  of  the  vagi  or 
their  branches  in  the  respi- 
ratory system,  may  also  pro- 
duce reflex  inhibition  of  the 
heart,  Some  very  remark* 
able  facts  concerning  the 
readiness  by  which  reflex 
inhibition  of  the  fish's  heart 
may  bo  produced  were  made 
out  by  M*William;  any 
irritation  of  the  tail,  gills,  mucous  membrane  of  mouth  and  phar}TTX^ 
or  of  the  parietal  peritoneum,  causes  the  heart  to  stop  beating. 

In  connection  with  the  subject  of  reflex  inhibition,  it  may  be 
mentioned  in  conclusion  that  though  we  have  no  voluntary  control 

*  £inbky,  however,  considers  that  the  usunl  eaus«  of  sudden  death  duniig 
Ihe  early  stftges  of  chloroform  narcosis  is  the  direct  action  of  the  drup  on  the  vugua 
centre,     tti  anitn&b,  cutt]n|r  th^  vngi  immedmtely  sets  Ihi^  heart  going  aguin. 
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over  the  heart's  moveiAents,  yet  cerebral  excitement  will  produce  ao 
effect  on  the  rate  of  the  heart,  as  in  certain  emotional  conditions. 

Gaaeoiifl  exchanges  dnriii^  Inhibitloti. — ^The  mammalian  heart 
is  more  difficult  to  atop  by  stimulation  of  the  vagus  than  the  frog's 
heart ;  commonly  it  is  only  slowed,  and  the  amplitude  of  the  beat 
reduced,  yet  it  ia  most  important  for  the  student  of  medicine  to 
recollect  that  vagus  inhibition  may  have  far-reaching  results*  An 
overdose  of  chloroform  at  the  onset  of  anaesthesia  may  so  stimulate 
the  yagus  contre  in  the  brain  so  as  to  produce  heart-stoppage  which 
may  end  fatally.  (This  is  quite  different  to  the  stoppage  caused  by 
the  direct  action  of  chloroform  on  the  cardiac  tissue  as  the  result  of 
the  f!OBtinued  action  of  the  drug,  and  the  word  inhibition  h  not 
properly  applied  in  this  case.)  In  true  inhibition,  the  metabolism  uf 
the  heart  tissue  is  reduced  :  this  is  followed  by  increased  metabolism 
during  the  subsequent  period,  and  this  corresponds  with  the  increase 
of  visible  activity  which  then  occurs  and  which  is  seen  in  the 
tracings  given  in  figs.  255  and  256,  This  is  well  illustrated  by  the 
following  data  of  the  gaseous  exchanges  in  the  heart  of  the  cat, 
which  were  obtained  by  analysing  the  blood  in  the  coronary  vessels. 
(Baroroft  and  Dixon,) 


Oxygen  used  up  per  tiiitiiite 
C^tK^nlc  a<!id  given  out  per  tuitiute 


Minimi  ir..^      norinfi  Vigm  '    After  Vagoi 


0  21  cc. 
0*45  CC. 


0*07  c.C 


0'34  CC. 
0122  c.e. 


ThB  Bxcised  Heart. 

The  heart  beats  after  its  removal  from  the  body ;  in  the  case  of 
the  frog  and  other  cold-blooded  animals,  this  will  go  on  for  hours, 
and  under  favourable  circumstances  for  days.  In  the  case  of  the 
maimnal,  it  is  more  a  question  of  minutes  unless  the  heart  is  artifi- 
cially fed  through  the  coronary  artery  with  arterial  blood.  If  this 
is  done,  especially  in  an  atmosphere  of  oxygen,  the  dog's  heart,  or 
even  strips  of  the  dog's  heart,  can  be  kept  beating  for  hours,  (Porter.) 
Einger's  salt  solution  (see  p.  256),  if  well  oxygenated,  will  also  keep 
an  excised  mamniars  heart  beating  for  hours,  especially  if  a  little 
dextrose  is  added  to  the  solution.     (Locke-) 

At  one  time  the  rhythm  was  supposed  to  originate  from  the 
intiinsic  nervous  system  of  the  heart;  but  we  now  know  that  the 
power  of  rhythnucal  peristalsis  resides  in  the  muscular  tissue  itself, 
though  normally  during  life  it  is  controlled  and  regulated  by  the 
nerves  that  supply  it  (sec  p.  159). 

The  intracardiac  nerves  have  been  chiefly  studied  in  the  frog ;  the 
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two  vago-sympathetic  nerves  terminate  in  variouB  groups  of  ganglion 
cells ;  o(  these  the  most  important  are  H^mak's  ganglion,  situated  at 
the  jimction  of  the  sinns  with  the  right  auricle ;  and  Bidder's  garLglion, 
at  the  junction  of  the  auricles  and  ventricle.  A  third  collection  of 
ganglion  cells  (von  Bezold's  ganglion)  is 
situated  in  the  inter -auricular  septum. 
From  the  ganglion  cells,  fibres  spread 
out  over  the  walls  of  the  sinus,  auricles, 
and  upper  part  of  the  ventricle. 
Remak'a  ganglion  used  to  be  called 
the  local  inhibitory  centre  of  the  heart ; 
it  is  really  the  cell -station  of  the 
inhibitory  fibres,  and  stimulation  of 
the  heart  at  the  sino-auricular  junction 
is  the  most  certain  way  of  obtain- 
ing stoppage  of  the  heart.  Bidder's 
ganglion  was  caUed  the  local  accelerator 
centre  for  a  corresponding  reason. 

The  accompanying  figures  show  the 
vagal  terminations  in  Remak*s  ganglion 
(fig.  259),  some  isolated  nerve-cells 
from  this  ganglion  (fig.  260);  and  fig. 
261  is  a  rough  diagram  to  indicate  the 
positions  of  the  two  principal  ganglia. 

Canductmn  in  the  Heart.— The  question  has  been  discussed 
whether  the  wave  of  contraction  is  propagated  along  the  heart-wall 
by  nervous  or  muscular  connection.  The  alow  rate  of  propagation 
of  the  wave  points  to  the  link  being  a  muscular  one,  and  it  will  be 
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remembered  that  histology  lends  support  to  this  view,  the  muscular 
fibres  being  connected  to  each  other  by  intercellular  bridges  of  prolo- 
plasni  (see  p,  87)*     An  experimental  proof  of  the  same  view  is  the ' 
following:  if  a  strip  of  the  heart  wall  is  taken  and  a  number  of 
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cuts  going  nearly  completely  across  ifc,  be  made  first  from  one  side, 
then  from  the  other,  all  the  nerves  must  be  eut  through  at  least  once, 
and  the  only  remaining  tissue  not  severed  is  muscular,  yet  the  strip 
still  continues  to  beat;  iu  other  words,  the  propagation  is  mpodromic. 
The  passage  of  the  wave  from  one  chamber  to  another  is  also  myo- 
dromic.  The  slow  rate  of  propagation  indicates  that  this  is  so,  and 
the  view  has  l>een  fully  proved  by  the  discovery  of  muscidar  fibres 
passing  across  from  one  chamber  to  the  next. 

BlocJcing.^Thm  phenomenon  has  been  chiefly  studied  by  Gaskell, 
It  appears  that  under  normal  conditions  the  wave  of  contraction  in 
the  heart  starts  at  fche  sinus,  and  travels  over  the  auricles  to  the 
ventricle ;  the  irritability  of  the  muscle  and  the  power  of  rhythmic 
contractility  is  greatest  in  the  sinus,  less  in  the  auricle's,  and  still  less 
in  the  ventricles.  Under  ordinary  conditions  the  apical  portion  of 
the  ventricles  exhibits  very  slight  power  of  spontaneous  contraction. 
The  importance  of  the  sinus  as  the  starting-point  of  the  peristalsis 
can  be  shown  by  warming  it.  If  a  frog's  heart  is  warmed  by  bathing 
it  in  warm  salt  solution  at  about  body  temperature^  it  beats  faster; 
this  is  due  to  the  sinus  starting  a  larger  nimitier  of  peristaltic  waves; 
that  this  is  the  case  may  he  demonstrated  by  warming  localised  portions 
of  the  heart  by  a  small  galvano-cautery ;  if  the  sinus  is  wanned  the 
heart  beats  faster,  but  if  the  auricles  or  ventricles  are  warmed  there 
is  no  alteration  in  the  heart's  rate.  The  sinus  in  the  frog's  heart, 
and  thiit  portion  of  the  right  auricle  in  the  mammal's  heart  which 
corresponds  to  the  sinus,  is  always  the  last  portion  of  the  heart  to 
cease  beating  on  death,  or  after  removal  from  the  body  {ultima 
mom/i^,  Harvey).  This  is  an  additional  proof  of  the  superior  rhyth- 
mical power  w^hieh  it  possesses. 

But  to  continue  our  description  of  the  phenomenon  known  as 
blocking ;  it  is  supposed  that  the  wave  starting  at  the  sinus  is  more 
or  less  blocked  by  a  ring  of  lower  irritabihty  at  its  junction  with  the 
auricle;  again,  the  wave  in  the  auricle  is  similarly  delayed  in  its 
passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thus  the 
wave  of  contraction  ia  delayed  at  its  entrance  into  both  auricular  and 
ventricular  tissue.  By  an  arraiigement  of  ligatures,  or,  better,  of 
clamps,  one  part  of  the  heart  may  be  isolated  from  tlie  other  portions, 
and  the  contraction  when  aroused  by  an  induction  shock  may  be 
made  to  stop  in  the  portion  of  the  heart  muscle  in  wliich  it  begins. 
It  is  not  unlikely  that  the  contraction  of  one  portion  of  the  heart  acts 
as  a  stimulus  to  the  next  portion,  and  that  clamps  and  ligatures  prevent 
this  normal  propagation  of  stimulL  It  must  not,  however,  be  thought 
that  the  wave  of  contraction  is  incapable  of  passing  over  the  heart  in 
any  other  direction  than  from  the  sinus  onwards;  for  it  has  bean 
shown  that  by  the  application  of  appropriate  stimuli  at  appropriate 
instants,  the  natural  sequence  of  beats  may  be  reversed,  and  the  con- 
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^raetum  steitii^  at  the  arteErmI  p&rl  of  tim  ventricle  maj  pass  to  tbe 
auriclee  and  then  to  tim  slntis. 

If  Gaskell's  clamps  or  ligatures  are  not  applied  stifficientlr  tight 
one  often  aaes  partial  blocking,  a  few  \f%\m  get  ttut^ugh  but  not  all ; 
in  the  experiment  described  on  the  preceding  page,  in  which  the 
heart  wall  is  left  connected  with  other  parts  by  a  small  portion  of 
I  uodiv-ided  muscular  tissue,  the  eSTeclr  is  much  Ihe  same,  the  wave  is 
m\j  able  to  pass  the  block  every  second  or  third  beat 

TheStannim  Experiment. — This  consists  in  applying  a  tight  ligature 
to  the  heart  between  the  sinus  and  the  right  auricle ;  the  sinus 
continues  to  beat,  but  the  rest  of  the  heart  is  quiescent^  The  quiescent 
parts  of  the  heart  may  be  made  to  contract  in  response  to  mechanical 
or  electrical  stimulation.  I!  a  s^ond  ligature  is  applied  to  the 
junction  of  the  auriclea  with  the  ventricle,  the  ventricle  begins  to 
beat  again;  the  auricles  may  also  beat,  but  they  usually  do  not 
According  to  Gaskell,  the  effect  of  the  first  hgatnre  is  simply  an 
example  of  blocking ;  it  is,  however,  difficult  to  wholly  accept  this 
view,  for  if  instead  of  applying  a  ligature  at  the  sino-auricular 
junction,  the  heart  wall  is  simply  cut  through  at  this  spot,  the 
auricles  and  ventricle  are  not  thereby  always  rendered  quiescent.  It 
tappears  probable,  therefore,  that  there  is  some  truth  in  the  older 
f view  that  the  ligature  acts  as  a  stimulus  irritating  the  vagal  termi- 
nations in  Eemak's  ganglion,  and  so  eliciting  a  condition  of  prolonged 
inhibition;  this,  however,  passes  off  after  a  variable  time,  and  the 
auricles  and  ventricle  once  more  beat  rhythmically.  It  is  impossible 
to  explain  the  effect  of  the  second  Stannius  ligature  except  on  the 
hypothesis  that  it  acts  as  a  stimulus,  and  there  is  no  h  priori  reason 
why  the  two  ligatures  should  act  in  opposite  ways. 

The  fact  that  the  Stannius  heart  is  quiescent  has  enabled 
physiologists  to  study  the  effects  of  stimuli  upon  heart  muscle.  A 
single  stimulus  produces  a  single  contraction,  which  has  a  long  latent 
period,  is  slow,  and  propagated  as  a  wave  over  the  heart  at  the  rate 
&f  I  to  2  inch,  or  10 — 15  mm,  a  second*  A  second  stimulus  causes 
rather  larger  contraction,  a  third  one  larger  still,  and  so  on  for 
some  four  or  five  beats,  when  the  size  of  the  contraction  becomes 
constant.  This  daircase  phenomenon,  as  it  is  called,  is  also  seen  in 
voluntary  muscle  (see  p.  117),  but  it  is  more  marked  in  the  heart. 
The  following  tracing  shows  the  result  of  an  actual  experiment: — 

There  are,  however,  more  marked  differences  than  this  between 
voluntary  and  heart  muscle.  The  first  of  these  is.  that  the  amount 
of  contraction  does  not  vary  with  the  strength  of  the  stimulation.  A 
stimulus  strong  enough  to  produce  a  contraction  at  all  brings  out  as 
big  a  beat  as  the  strongest.  The  second  in,  that  the  heart  muscle 
has  a  long  refracior^  period ;  that  is  to  say,  after  the  application  of 
a  stimulus,  a  second  stimulus  will  not  cause  a  second  contraction 
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until  after  the  lapso  of  a  certain  interval  called  the  Tifrmtory  period. 
The  refractory  period  lasts  as  long  as  the  contraction  period.  The 
third  difference  depends  on  the  second,  and  consists  in  the  fact  that 
the  heart  muscle  can  never  be  thrown  into  complete  tetanus  by  a  rapid 
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series  of  stimulations;  with  a  strong  current  there  is  a  partial  fusion 
of  the  beats,  but  this  is  entirely  independent  of  the  rate  of  faradisa- 
tion. Indeed,  as  a  rule,  the  heart  responds  by  fewer  beats  to  a  rapid 
than  to  a  slow  rate  of  stimulation. 

In  spite  of  these  dififerences  there  are  many  and  important  re- 
semblances  between  heart  muscle  and  voluntary  muscle. 

The  thermal  and  chemical  changes  are  similar ;  there  is  a  using- 
up  of  oxygen  and  a  production  of  carbonic  acid  and  sarco-lactic  acid. 
The  using-up  of  oxygen  was  well  illustrated  by  an  experiment  of  j 
Yeo's.  He  passed  a  weak  solution  of  oxy-hsemoglobin  through  an 
excised  beating  frog's  hearty  and  found  that  after  it  had  passed 
through  the  heart,  the  solution  became  less  oxygenated  and  venous  i 
in  colour. 

The  electrical  changes  are  also  similar,  and  have  already  been 
dwelt  upon  in  Chapters  XIL  and  XIY. 


InstnunentE  for  Studying  tlie  Excised  Heart. 

If  a  frog's  heart  is  simply  excised  and  allowed  to  remain  without 
being  fed*  it  ceases  to  beat  after  a  time  varpng  from  a  few  minutes 
to  an  hour  or  so ;  but  if  it  is  fed  with  a  nutritive  fluid,  it  will  continue 
to  beat  for  many  hours.  A  very  good  nutritive  fluid  is  defibrinated 
blood  diluted  with  twice  its  volume  of  physiological  aahne  solution, 
Einger  has,  however,  shown  that  nearly  as  good  results  are  obtained 
with  physiological  saline  solution  to  which  minute  quantities  of 
calcium  and  potassium  salts  have  been  added ;  in  other  words,  the 
inorganic  salts  of  the  blood  will  maintain  cardiac  activity  for  a  time 
without  the  addition  of  any  organic  material,  Howell  has  shown 
that  such  an  inorganic  mixture  is  especially  efficacious  in  throwing 
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the  sinus  or  vanoos  end  of  the  heart  into  rhythmical  action.  The 
normal  stimulus  for  the  starting  of  the  heart-beat  is  therefore  Co  be 
sought  in  the  uiineraJ  oonstituenta  of  the  blood,  Tbeae  mineral 
constituents  in  solutions  are  broken  op  into  their  constituent  iona; 
and  of  these  the  sodium  ions  are  the  most  potent  in  producing 
rhythnucal  activity,    (Loeb.) 

The  fluid  is  passed  through  the  heart  by  means  of  a  perfusion 
cannula  (6g.  263).  The  heart  is  tied  on  to  the  end  of  the  cannula; 
the  fluid  enters  bj  one  ajid  leavae  by  the  other  tube.  Numerous 
ioatruments  have  been  devised  for  obtaining  graphic  records  of  the 
heart's  movements  under  these  uireumstances»  but  we  shall  be  content 
with  describing  a  few  of  the  best.  They  have  been  much  used  in  the 
investigation  of  the  effects  of  drugs  on  the  heart,  and  the  residts 
obtained  have  been  of  much  service  to  physicians. 

fl)  The  heart  having  beea  secupelv  tied  on  to  the  per^islon  c&niiula,  the 
drcubting  fluid  in  pa&sed  through  it  (ine  stem  of  the  cannula  is  then  attached 
by  the  snmll  side  bfanch  on  the  kft  in  fi^,  263  by  n  tube  containing  salt  solution  to 
11  small  meiY7iiHa]  manometer,  provided  with  a  tioal,  on  the  top  of  which  is  a  uTiking^ 
style.     The  apparatus  is  arranged  so  that  the  movements  of  the  mercury  can  he^ 
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recorded  by  the  float  and  the  writing  style  on  a  slowly  revolving  drum.    The  movt^ 
ment»  of  the  mercury  are  due  to  changes  in  the  intrat-firdlac  pressure. 

{2}  RofH  Tonometer  (fig.  264) :  A  small  bell-jaf *  open  abovL%  but  provided  with 
a  firtmv  fitting  stopper^  in  which  is  fixed  a  double  cannula,  is  ndjustabte  by  a 
smoothly  ground  brtsc  upon  a  circular  bniss  plate,  about  2  to  3  mchca  In  diameter. 
The  junction  is  miide  complete  by  greasing  the  base  with  lard.  In  the  plate,  which 
is  fixed  to  a  stand  adjustable  on  an  upright,  are  two  holes,  one  in  the  centre^  a  large 
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one  about  one-third  of  an  itich  in  diameter,  to  which  is  fixed  bc^ow  a  brass  grooved 
cotlar,  shout  half  ftti  inch  deep  ;  the  other  hule  is  the  opening  into  a  pipe  provided 
with  a  stdp-t^ock.  The  apenin|r  pfovided  with  the  collar  is  closed  at  the  lower  part 
with  a  mcnibrane,  whioh  is  closely  tied  by  means  of  a  iigature  around  the  groove 
at  the  lower  edge  of  the  collar.  To  this  membrane  a  piece  of  cork  is  fastened  hy 
seuHri|r-wa3C,  from  which  }msses  n  wire,  which  is  attached  to  a  lever  (cut  short  in 
the  diagrajii)  fixed  on  a  stage  l>ei{>w  the  apparatus. 

When  using  the  apparatus,  the  bell-jar  is  filled  with  olive-oil.  The  heart  of  a 
large  frog  is  prepared  and  the  cannula  fixed  in  the  stopper  is  firmly  tied  into  it; 
the  tubes  of  tne  cannula  coramunirate  with  the  reservoir  of  circulating  Huid  on  the 
one  hand,  and  with  a  vessel  to  receive  it  after  it  has  run  through  thelieart  on  the 
other.  The  cannula  with  heart  attached  is  passed  into  the  oil*  and  the  stopper 
firmly  secured.  Every  time  the  heart  enlarges,  the  niCiTibrane  is  pressed  down  ; 
every  time  the  h&irl  contracts  the  membrane  is  pulled  up;  the  lever  follows  and 
magnifies  these  movements.  The  lever  is  adjusted  to  a  convenient  elevation  and 
ttUowe<l  to  write  on  a  moving  drum.  After  a  short  time  the  heart  may  stop  beating ; 
hut  two  wires  are  arranged|  the  one  in  the  cannukt  the  other  projecting  from  the 
plate  in  sut  h  a  way  that  the  heart  can  be  moved  against  them  by  shifting  the  posi* 
tion  of  the  bell-jar'a  little.  The  wires  act  as  electrodes^  and  can  be  made  to  com- 
municate with  an  induction  apparatus,  so  that  induction  shocks  can  W  sent  into 
the  heart  to  produce  contractions*  After  a  time  the  heart  ceases  to  beat  altogether  ; 
and  l>efore  doing  so  it  becomes  irregular,  A  frequent  form  of  irregidarity  seen  uon- 
sisls  of  grouDf!i  of  contractions  each  showing  a  stajn^ase,  separated  by  long  intcri^als  of 
quiescence  (Lucia ni's  Groups). 

(3)  fcSVM/erV  HeaTt-pktktfwmoffrapK — The  principle  of  this  apparatus  is  the 
same  a^  Roy's,  A  diagrammatic  sketch  of  it  is  given  in  fig.  265*  The  hesrt,  tied 
on  to  a  double  cannula,  is  inserted  into  an  air-tight  vessel  containing  oil.  On  one 
Ride  of  the  vessel  is  a  tube,  in  which  a  Lightly  moving  piston  is  fitted;  to  this  a 
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writing-fioint  is  attiiched.  The  piston  Is  moved  backwards  and  forwards  by  the 
changes  of  volume  in  the  heart  causing  the  oil  to  alternately  reecde  from  and  pass 
into  this  side  tube.  The  corresponding  tul>e  on  the  other  side  can  tw  opened  and 
the  tul>e  with  the  piston  closed  when  one  wishes  to  cetise  ret  ording  the  movements. 
(4)  In  order  to  ot>tain  a  beating  heart  at^er  excising  it  from  a  niamtiiaj,  the 
followmg  procedure  should  l>e  adopted.  A  rabbit  is  killed  by  bleeding  or  pithing ; 
tlie  heiirt  enclosed  in  the  pericardmm  is  then  quickly  cut  out,  and  gently  kneaded 
to  free  it  from  bIot>d,  in  some  wana  Ringer's  solution.  The  pericardium  is  then 
dissected  off,  and  a  i:M»nnuta  tied  into  the  aorta ;  this  is  iTinnected  to  a  burette  which 
Is  kept  full  of  Ringer  s  solution.  The  Ringer*s  solution  must  be  maintaiued  at  tmdy 
temperature,  by  a  "warm  water  jacket,  and  must  be  well  oxygenated  by  letting  oxygen 
bnhhie  throujch  it  The  fluid  is  then  allowed  to  flow,  and  it  enters  the  coronary 
arteries,  arMl  e.scafics  front  the  riglit  auricle*  which  shovdd  be  freely  opened*  Under 
IhcHc  circumsttmccs  the  heart  will  continue  to  beat  for  many  hours,  especiaHy  if  a 
little  dexirose  is  added  to  the  circulating  fluid.  A  graphic  record  may  be  obtained 
by  putting  a  fftnall  hook  into  the  apex,  and  attaching  this  by  a  thread  to  a  recording 
lever  beneath  it,  A  very  gijod  illustration  of  the  usefulness  of  the  method  for 
demon?*traltN>(  the  action  of  drugs  consistJ*  in  adding  a  small  amount  of  chloroform 
111  the  ilreulatlng  lUiid*  and  one  notices  its  immediate  depressant  effect ;  on  the  other 
haudi  a  ndnute  doJie  of  adrenaline  markedly  increases  the  rate  and  force  of  the  heart 
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TiiK  movement  of  the  blc^od  from  the  heart  through  the  aneric 
capillaries*  and  veins  back  to  the  heart  again,  depends  on  a  number 
of  physical  factors;  and  in  the  consideration  of  this  important  subject 
we  shall  have  to  take  into  account  the  general  laws  which  regulate 

the  EQoveinent  of  fluids  in  tubes,  as  well  as  their  special  application 
to  the  flow  of  the  blood  in  the  blood-vessels. 

The  contraction  of  the  heart  is  the  primary  propelling  farce,  and 
the  increase  of  pressure  which  is  thus  communicated  to  the  blood  it 
contains  causes  that  blood  to  enter  the  arteries ;  the  arterial  blood 
pressure  is  higher  than  that  in  the  capillaries,  and  the  capillary 
pressure  is  higher  than  that  in  the  veins;  the  venous  pressure 
gradually  falls  as  we  approach  the  heart ;  it  is  lowest  of  all  in  the 
heart  cavities  during  diastole ;  fluid  moves  in  the  direction  of  lower 
pressure,  hence  the  flow  of  blood  is  from  the  heart  through  the 
vessels  back  to  the  heart  again. 

The  vessels  are  not  rigid  tubes,  but  possess  marked  elasticity ;  it 
is  owing  to  this  that  the  intermittent  force  of  the  heart  is  modified 
in  such  a  way  that  the  stream  of  blood  in  the  capillaries  is  a  constant 
one,  and  under  normal  circumstances  exhibits  no  pulsation ;  the  ^jm/^* 
is  one  of  the  main  characters  of  the  arterial  flow,  A  further  cum- 
plication  is  due  to  the  fact  that  the  vessels  through  which  the  bloud 
flows  are  of  varying  calibre,  and  this  is  the  main  factor  in  determin- 
ing its  velocity.  Every  time  an  artery  divides,  the  united  sectiotml 
area  of  its  branches  is  greater  than  that  of  the  parent  artery,  although, 
of  course,  each  of  the  individual  branches  is  of  smaller  calibre*  The 
total  bed  of  the  stream  is  thus  becoming  greater,  until  when  we 
reach  the  ccapillaries  the  bed  is  increased  suddenly  and  enormously, 
being  several  hundred  times  greater  than  that  of  the  aorta  from 
which  they  all  ultimately  spring.  In  the  case  of  the  veins  the  same 
is  true  in  the  reverse  direction ;  the  sectional  area  of  a  voin  is  less 
than  that  of  ihe  total  aeotional  area  of  its  tributaries;  bonce  as  wo 


260 


THl  CIRCULATION   IN  THK   BLOOD-VESSELS  [CH,  XXL 


approach  the  heart  the  total  bed  of  the  stream  ia  becoming  continuaUy 
smaller,  but  never  bo  small  as  in  the  cor  res  pond  ing  arteries ;  a  vein 
is  always  twice  the  size,  often  more  than  twice  the  size  of  tho  cor- 
responding artery.  Velocity  of  flow  varies  inversely  witli  the  bed 
of  the  stream,  the  velocity  is  therefc»re  greatest  in  the  aorta,  slows 
down  in  the  small  arteries,  and  becomes  slowest  of  all  in  the  capil- 
laries where  the  total  lied  is  widest ;  we  may  compare  the  combined 
capillaries  to  a  vast  lake  into  whicii  the  arterial  river  flows.  On 
leaving  the  capillaries,  tho  blood,  in  traversing  the  veins  once  more, 
becomes  accelerated  because  the  bed  of  the  stream  becomes  narrower, 
but  its  speed  in  a  vein  is  only  about  half  that  in  the  corresponding 
artery  because  the  bed  is  twiee  as  great. 

In  connection  with  the  variation  in  the  bed  of  the  stream  we 
must  also  consider  the  question  of  resistance.  If  the  increase  in 
sectional  area  took  place  without  division  of  the  stream  into  numerous 
Ijranches,  the  main  eflect  would  be  to  lower  resistance  to  the  flow  of 
fluid ;  but  the  friction-lowering  eflect  of  increased  area  is  nxuch  more 
than  counterbalanced  by  the  increased  surface  of  the  numerous 
branches,  and  there  is  increased  friction  on  this  account.  The  resist- 
ance of  the  capillaries  would  be  large  even  for  a  stream  of  water, 
and  when  we  consider  that  the  blood  is  much  more  viscid  than  water, 
we  see  the  efl'ect  must  be  much  greater.  The  resistance  to  the  flow 
of  fluid  along  a  small  tube  is  in  inverse  proportion  to  the  fourth 
power  of  the  diameter,  i.e.f  if  the  diameter  of  the  tube  is  halved,  the 
resistance  ia  increased  six  teen -fold.  Between  the  arteries  and  the 
capillaries  are  the  small  arteries  or  arterioles;  these  vessels  are 
always  in  a  state  of  moderate  or  tonic  constriction ;  they  may  roughly 
be  compared  to  narrow  inlets  into  the  wide  capillary  lake.  The 
main  resistance  to  the  passage  of  blood  through  the  tissues  is  situated 
in  the  arterioles,  and  not  in  the  capillaries ;  this  is  usually  spoken 
of  as  the  peripheral  resii^tanc^,  and  it  is  variable  by  alterations  in  the 
calibre  of  the  arterioles,  their  muscular  tissue  being  under  the  control 
of  nerves  which  are  termed  vaso-motor. 

The  main  resistance  is  in  the  arterioles  and  not  in  the  capillaries 
for  the  following  reason :  each  indivddual  capillary  ia  small,  and  its 
resistance  therefore  great,  but  their  number  is  so  immense,  and  the 
total  bed  so  large  that  the  resultant  resistance  offered  is  com- 
paratively small  This  is  well  brought  out  by  a  comparison  of  the 
velocity  in  the  two  cases ;  in  the  arterioles  the  velocity  has  to  he 
high  in  order  to  supply  with  blood  the  large  capillary  areas  spring- 
ing from  them;  in  the  capillaries,  as  we  iiave  already  seen,  the 
velocity  is  low. 

After  this  genera!  account  of  the  maiu  features  of  the  circulation* 
we  can  now  pass  to  a  detailed  description  of  the  various  points 
raised. 
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Use  of  the  Elasticity  of  the  Vessels. 

If  a  pump  is  connected  to  a  rigid  tube,  such  as  a  glass  tube, 
filled  with  water,  and  a  certain  amount  of  water  is  forced  into  the 
tube,  an  exactly  equal  amount  of  water  is  driven  out  from  the  open 
end.  During  the  intervals  of  pumping  the  flow  ceases,  accurately  at 
the  instant  the  inflow  stops.  If  m  the  next  place  the  open  orifice  is 
constricted  and  the  pumping  continned  aa  before,  the  outflow  is  stiJl 
restricted  to  the  time  during  which  water  is  being  driven  into  the 
tube.  The  only  difference  is  that  a  greater  force  of  pumping  will  be 
required  if  the  pump  ia  to  empty  itself  in  the  same  tiine  as  before, 
and  the  force  required  will  increase  in  proportion  to  the  degree  of 
constriction  of  the  orifice,  until  with  a  fairly  considerable  constriction 
the  force  reqtdred  will  be  enormous. 

If  the  rigid  tube  is  replaced  by  an  elastic  one  with  a  wide  free 
opening,  the  outflow  will  again  be  intermittent  but  not  quito  restricted 
to  the  time  of  the  pimiping.  This  latter  difference  is  becauae  the 
elastic  wall  of  the  tube  will  stretch  a  little  at  each  ontpnt  of  the 
pump,  and  this  continues  after  the  pump  has  ceased  to  discharge,  and 
will  then  recover,  at  the  same  time  dri\ing  out  the  extra  small  amount 
af  fluid  it  contained,  after  the  pump  has  ceased  to  act.  The  flow  will 
thus  be  intermittent,  but  the  outflow  will  last  for  a  short  time 
longer  than  the  inflow.  This  persistence  will  increase  with  the 
resistance  of  the  tube,  witli  the  velocity  of  the  inflow,  and  lastly  with 
the  mass  of  the  coUmin  of  fluid  lying  in  the  tube.  If  now  the 
orifice  be  diminished,  the  duration  of  the  outflow  will  begin  to 
increase  still  further,  and,  aa  the  constriction  is  increased  more  and 
more,  will  gradually  extend  over  the  diastolic  period  of  the  pumping. 
The  amount  of  work  re^^nired  to  drive  the  fixed  volume  of  fluid 
through  the  constricted  orifice  is  the  same  with  a  rigid  and  vrith  an 
elastic  tube*  In  the  former  case,  however,  the  duration  of  the  out- 
flow is  of  necessity  the  same  as  that  of  the  inflow,  whereas  in  the 
second  case  this  time  is  prolonged  Conset^nently  the  rat©  of  working 
in  the  first  case  must  exceed  that  in  the  second  in  proportion  to  this 
difference  of  time^  or  the  maximum  pressure  set  up  in  the  former 
case  is  far  greater  than  in  the  latter.  If  the  constriction  of  the 
orifice  of  the  elastic  tube  is  still  fmther  increased,  a  point  is  at  last 
reached  at  which  the  outflow  lasts  thj'oughout  the  whole  cycle  of  the 
[junip,  and  here  therefore  the  energy  imparted  to  the  fluid  by  the 
pump  is  converted  into  a  pressure  energy  represented  by  the  tension 
of  the  elastic  walls  of  the  tni>e,  and  this  energy  is  given  out  again 
after  the  fluid  has  ceased  to  enter  the  tulie  and  is  just  sufficient  to 
exactly  drive  out  the  stored  Quid  during  the  resting  period.  If  the 
constriction  Irse  carried  still  further,  the  tul:^  will  not  be  able  to  empty 
itself  during  the  diastolic  period,  and  when  tlie  second  inflow  begin 3| 


262 


THE  CIRCULATION   IN   THE   BLOOD-VESSELS  [CF.  XXL 


flome  of  the  fluid  will  be  atill  distending  the  tube,  is.,  the  pressure 
will  not  have  fallen  to  zero.  With  the  second  inflow  the  maximuni 
pressure  reached  will  be  higher  than  before,  but  still  the  foree  actiug 
throughout  tlie  wliole  of  the  cycle  may  not  be  sufficient  to  empty  the 
tube  to  the  extent  found  at  the  commencement  of  that  inflow,  and  we 
may  find  a  further  vulume  of  fluid  retained  within  the  tul>e.,  and  the 
pressure  just  Ijefore  the  next  inflow  atill  higher  than  in  the  preceding 
instanca  This  summation  will  continue,  until  at  last  a  point  is 
reached  at  which  the  mean  pressure  during  a  complete  cycle  will  I*e 
juat  sufficient  to  drive  out  exactly  the  same  volume  of  fluid  as  is  sent 
in  at  each  pumping.  When  this  point  is  reached,  the  pressure  will 
simply  oscillate  about  this  mean  position,  and  the  outflow  from  the 
tube  will  therefore  be  continuous,  but  not  necessarilv  constant.  If 
we  still  further  constrict  the  orifice,  the  result  is  that  the  mean 
pressure  will  rise  still  further,  and  the  outflow  will  be  of  a  less 
remittent  character.  The  latter  because  the  input  of  the  same 
volume  of  fluid  into  the  distended  tube  will  produce  less  marked 
fluctuations  in  the  driving  pressure,  since  at  the  end  of  diastole  the 
pressure  still  driving  the  fluid  will  l>e  high  and  not  nearly  zero,  as  in 
the  former  instanca  If  the  constriction  is  sufficiently  increased,  a 
point  will  ultimately  be  reached  at  which  the  outflow  will  become 
not  only  continuous  but  also  constant.  The  degree  of  eonstriction 
necessary  to  produce  this  eflbct  will  depend  upon  the  distensibility 
of  the  elastic  tube.  The  more  distensible  tins  is,  the  earlier  will  this 
stage  be  reached,  and  the  lower  will  Ite  the  mean  pressure.  This  is 
the  condition  we  fhid  in  the  circulatory  system. 

Let  us  now  apply  this  to  the  body. 

At  each  beat  the  left  ventricle  forces  about  three  ounces  of  blood 
into  the  alr&ady  full  arterial  system.  The  arteries  are  elastic  tubes, 
and  the  aruount  of  elastic  tissue  is  greatest  in  the  large  arteriea 
The  first  effect  of  the  extra  three  ounces  is  to  distend  the  aorta  still 
further ;  the  elastic  recoil  of  the  walls  drives  on  another  portion  of 
blood,  which  distends  the  next  section  of  the  arterial  wall,  and  this 
distension  is  transmitted  as  a  w^ave  along  the  arteries,  but  with 
gradually  diminishing  force  as  the  total  arterial  stream  becomes 
larger.  This  wave  constitutes  the  pulse-wava  Between  the  strokes 
of  the  pump,  or,  ia  other  words,  during  the  i>eriods  of  diastole,  the 
arteriea  drive  the  blood  on  and  so  return  to  their  original  size.  The 
flow  J  therefore,  does  not  cease  during  the  heart's  inactivity,  so  that 
although  the  force  of  the  heart  is  an  intermittent  one,  the  flow 
through  the  capillaries  and  the  veins  l>eyond  is  a  constant  one,  all 
trace  of  pulsation  having  disappeared.  The  peripheiul  resistance 
which  keeps  up  the  blood- pressure  in  the  arteries,  and  like  tlie  con- 
striction at  the  end  of  our  india-rubber  tube,  assists  in  the  conversion 
of  the  intermittent  into  a  continuous  and  constant  atrcain,  ia  to  be 
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fotmd  in  the  arteriolee  or  small  arteries,  just  before  the  blood  passes 
into  what  we  have  termed  the  vast  capillarj  laka  These  small 
arteries  with  their  relati%e  excess  of  museular  tissue,  are  in  health 
always  in  a  state  of  mcMlerate  tonic  contraction. 

The  large  arteries  contain  a  considerable  amount  of  muscular  i 
well  as  elastic  tissue.     This  co-operates  with  the  elastic  tissue  inl 
adapting  the  calibre  of  the  vessels  to  the  quantity  of  blood  they 
contain.     For  the  amount  of  blood  in  the  vessels  is  never  i|iiitei 
constant,  and  were  elastic  tissue  only  present,  the  pressure  exercisedl 
by  the  walls  of  the  containing  vessels  on  the  contained  blood  would 
be  sometimes  very  small,  sometimes  too  great.    The  presence  of  a 
contractile  element,  however,  pro\4des  for  a  certain  imiformity  in  tlie 
amount  of  presanre  exercised.     There  is  no  reason  to  suppose  that  j 
the  muscular  coat  assists  in  propelling  the  onward  current  of  bluodj 
except  in  virtue  of  the  fact  that  muscular  tissue  is  elastic,  and  there- 
fore co-operates  in  the  large  arteries  with  the  elastic  tissue  in  keeping 
up  the  constant  flow  in  the  way  already  described. 

The  contractility  of  the  arterial  walls  fulfils  a  useful  purpose  in 
checking  hsemorrhage  should  a  small  vessel  be  cut>  as  it  assists  in  the 
closure  of  the  cut  end,  and  this  in  conjunction  with  the  coagulation 
of  the  blood  arrests  the  escape  of  blood. 


Blood-presstipe  * 

The  circulation  of  the  blood  depends  on  the  existence  of  different 
degrees  of  pressure  in  different  parts  of  the  circulatory  system ; 
there  is  a  diminution  of  pressure  from  the  heart  onwards  through 
arteries,  capillaries,  and  veins,  Imck  to  the  heart  again. 

BP 


LV 


RA 


Plfl-  ttfft.— Height  of  blood -praimini  (m*)  In  lv^  leJt  vetiiriclc.    a«  ftiteriei ;  c*  ctpJIlariw ;  v»  v«lnfl  i  fcAj 
rfght  Auridie  ;  oo^  line  of  tio  preamre.    (Alter  Stirling,) 

Fig.  266  represents  roughly  the  fall  of  pressure  along  the  systemio^ 
vascular  system. 

It  falls  slowly  in  the  great  arteries;  at  the  end  of  the  arterial 
system  it  falls  suddenly  and  extensively  in  the  course  of  the 
arterioles ;  it  again  falls  gradually  through  the  capillaries  and  veins 
till  in  the  large  veins  near  the  heart  it  is  negativa     Such  a  diagram 
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of  blood-pressure  is  thus  very  different  from  one  of  velocity;  the 
velooity  like  the  pressure  falls  from  the  arteries  to  the  capillaries, 
but  unlike  it,  rises  again  in  the  veins. 

We  must  now  study  the  methods  by  which  blood-pressure  is 
measured  and  recorded,  and  the  main  causes  that  produce  variations 
in  its  amoLmt, 

In  order  that  we  may  understand  the  methods  that  are  used  for 
this  purpose,  it  will  be  first  necessary  for  U3  to  consider  some  of  the 
geneml  laws  of  fluid  pressure,  and  then  to  study  the  methods  that 
are  employed  iu  an  artificial  schema  of  the  circulation. 

Fluid  pressure  is  a  different  thing  from  the  pressure  of  a  solid, 
and  is  exercised  equally  in  all  directions.  If  a  cylindrical  vessel, 
placed  vertically,  is  filled  with  a  cylinder  of  ice,  the  pressure  of  the 
ice  win  be  exercised  on  the  bottom  of  the  cylinder,  but  not  on  its 
sides.  When  the  ice  melts,  the  water  presses  on  the  sides  also,  and 
if  a  hole  is  made  in  the  cylinder  below  the  level  of  the  upper  surface 
of  the  water,  the  water  wiU  flow  out  of  the  hole,  and  the  force  with 
which  it  escapes  will  be  proportional  to  the  depth  of  the  hole  beneath 
the  surface.  If  we  take  a  square  centimetre  as  the  miit  of  area,  the 
actual  pressure  excited  on  it  is  hxcixg^  where  h  is  the  height  of  the 
free  surface  above  the  level  where  we  are  measuring  the  pressure,  d 
its  density,  and  g  the  acceleration  of  gravity  (981),  Suppose  a 
gramme  of  water  to  flow  out,  we  may  consider  that  this  gramme  has 
fallen  through  a  height  or  head  h  in  centimetres  from  the  free  surface 
to  the  opening ;  it  comes  practically  from  the  top,  because  it  is  there 
that  the  liquid  disappears  from  inside  the  vessel  In  falling  the 
height  K  it  gives  out  %  ergs  of  work. 

The  unit  of  foree  is  c&Ued  a  dp^ ;  a  moving  body  is  said  to  possess 
fttamentum  :  this  is  measured  by  tbe  product  of  its  mass  and  its  vclciezty  ;  thus  th« 
effective  quantity  of  motion  of  a  l^dy  m^iy  be  large  on  acc<iunt  of  its  having-  a  hrge 
mass  (for  instance,  a  heavy  waggon  rolling  down  an  ill),  or  large  velocity  (for  instance, 
a  bullet  speeding  through  the  air).  A  force  continuously  applied  to  a  moving  mass 
prodtices  a  continuous  increase  in  its  rate  of  movement ;  this  is  termed  itrrel^ration^ 
and  force  may  be  defined  as  the  rate  of  i-hange  of  momentum  ;  it  can  be  measured* 
therefore,  by  obficrving  tbe  amount  of  momentum  it  generates  in  a  mea.«iured  time, 
and  dividing  by  tbat  time.  If  a  gramme  is  taken  as  the  imit  of  mass,  a  centimetre 
as  tbe  unit  of  leagtb,  and  a  second  as  the  unit  of  time,  the  unit  of  force 
^  momentum  =  gram  me-centj  metre  per  second 
Time,  Time  in  seconds. 

=  gram mc-eenti metre  per  second,  per  second  ^  I  dyne* 

The  unit  which  corresponds  to  the  dyne  in  the  measurement  of  work  is  t*aUeil  an 
€yyt  that  is,  the  work  done  in  lifting  a  gramme  weight  through  the  height  of  one 
centimetre  ;  the  weight  of  a  gramme  is  981  dynes «  and  the  work  done  in  lifting  it 
one  centimetre  is  981  ergs. 

The  kinetic  energy  of  a  body  moving  with  velocity  t?  ia  J  x  mass 
X  ^^  or  for  one  gramme  ^  v^ ;  hence  if  all  the  work  that  liquid  can  do 
ia  spent  in  giving  kinetic  energy  to  it,  the  velocity  with  which  it  will 
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flow  out  ig  given  by  putting  the  kinetic  energy  —  work  tlone.     In 
other  terms : — 

, ,      t^ 

^^  =  gh;  hence  i>  =  ^2gh  <^r  "  =  ^ 

A  Liquid,  however,  has  not  necessarily  a  free  surface,  but  may  be 
completely  enclosed,  as  ia  the  water  in  a  system  of  hydraulic  pressure 
mains,  or  the  blood  in  the  circulatory  system.  The  pressure  in  such 
a  system  at  any  point  may  be  measured  by  inserting  at  that  point 
a  vertical  tube  at  right  angles  to  the  blood-vessel ;  the  blood  would 
rise  in  it  to  a  point,  and  would  form  a  free  surface  a  certain  distance 
up  this  tube ;  the  head  h  in  the  above  calculation  must  be  reckoned 
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from  this  free  surface  downwards,  li,  instead  of  using  a  tube  of  fine 
bore  for  this  purpose,  we  employ  a  wider  tube,  say  of  ten  times 
greater  area,  the  height  or  head  to  which  the  fluid  rises  will  be  the 
same  as  in  the  narrow  tube,  though  naturally  the  actual  weight  of 
fluid  supported  will  be  ten  times  greater ;  but  the  weight  per  unit  of 
area  is  the  same  in  both  cases.  When,  therefore,  we  measure  the 
pressure  of  fluid  in  terms  of  the  heufht  of  a  column  of  fluid,  like 
mercury,  which  it  will  balance,  we  really  mean  that  the  force  of  the 
blood  is  equal  to  the  weight  of  the  mercury  it  supports  per  unit  of 
area,  and  this  will  naturally  be  proportional  to  the  height  of  the 
column. 

Let  us  next  consider  the  simple  case  of  a  fluid  flowing  from  a  | 
reservoir,  E  (%.  267),  along  a  tube,  winch  we  wOl  imagine  is  open  at 
the  other  end. 
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In  the  course  of  the  tube  we  will  suppose  three  upright  glasB 
tubes  (A,  B,  and  D)  are  inserted  at  equal  distances.  Between  B  and 
D  there  is  a  bladder,  which  may  be  divided  int€  a  num1>er  of  charinels 
by  packing  it  with  tow  to  represent  the  capillaries,  and  between  B  and 
C,  a  clip  E,  which  can  be  tightened  or  loosened  at  will,  and  whicli 
will  roughly  represent  the  peripheral  resistance  produced  by  the 
arterioles.  The  far  end  of  the  tube  is  provided  with  a  stop-cock.  If 
tills  stop-cock  is  closed  there  will  naturally  be  no  flow  of  Ouid,  and 
the  fluid  will  rise  to  e^ual  heights  indicated  by  the  dotted  line  in  all 
the  upright  tubes.  This  shows  that  the  pressure  in  all  parts  of  the 
tube  13  the  same.  The  upright  tul)es  which  measure  the  lateral 
pressure  exerted  by  the  fluid  uu  the  wall  of  the  main  tube,  are  called 
pizomeUrs,  manomei^rs,  or  prass^ure  jmas^ir^rs. 

If  now  the  stop-cock  is  opened,  the  fluid  flows  on  account  of  the 
difference  of  pressure  brought  about  by  gravitation ;  the  height  of  the 
fluid  in  the  manometers  indicates  that  the  pressure  is  greatest  in  R, 
less  in  A,  less  stiU  in  B,  and  least  of  all  in  D. 

On  accoimt  of  the  peripheral  resiatauce  of  the  arterioles  and 
capillaries,  the  pressure  is  %^ery  Bmall  in  the  veins,  as  indicate<i  by  the 
height  of  the  fluid  in  the  manometer  D.  The  difference  between  D 
and  B  is  much  more  marked  than  the  difference  between  B  and  A. 
If  the  fluid  which  flows  out  of  the  end  of  the  tube  is  colleeted  in  a 
jug  and  poured  back  into  E,  we  complete  the  circulation.  But  the 
schema  is  an  extremely  rough  one,  and  is  especially  faulty  in  that  the 
pressure  which  starts  at  K  is  nearly  constant  and  not  intenuittent. 
This  may  be  remedied  by  taking  E  in  the  hand,  and  raising  and  lower- 
ing it  alternately.  The  fluid  in  the  manometers  bobs  up  and  down 
with  every  rise  and  fall  of  R :  this  is  least  marked  in  D.  The  greater 
and  the  faster  the  movemODt  of  K,  the  greater  is  the  rise  of  arterial 
pressure.  This  is  a  rough  illustration  of  the  fact  that  increase  in 
the  force  and  frequency  of  the  heart's  beat  causes  a  rise  of  arterial 
pressure. 

Again,  if  more  fluid  is  poured  into  E,  there  is  a  correspond- 
ing  rise  in  fluid  in  the  manometers.  This  illustrates  the  rise  of 
pressiu'e  produced  by  an  increase  in  the  contents  of  the  vascular 
aystem. 

And  this  schema,  rough  though  it  is,  also  serves  to  illustrate  the 
third  important  factor  in  the  maintenance  of  the  blood -pressure, 
namely,  the  peripheral  resistance.  This  is  done  by  means  of  the  clip 
E ;  if  the  ehp  ia  tightened,  one  imitates  increased  constriction  of  the 
arterioles ;  if  it  is  loosened,  one  imitates  dilatation  of  the  arterioles. 
If  it  is  closed  eutiiely,  the  fluid  in  A  and  B  rises  to  the  same  level  as 
that  in  B ;  the  pressiu^e  of  E  is  not  felt  at  all  Ijy  C  and  D,  which 
empty  themselves,  and  the  flow  ceaaea.  If  the  clii>  E  is  only  tightened 
so  aa  not  to  be  quite  closed,  the  arterial  pressure  (in  A  and  B)  rises, 
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and  the  venous  pnessore  (in  B)  falls;  if  the  clip  is  freely  opened,  the 
arterial  pressure  falls,  and  the  venous  pressure  rises. 

These  game  facts  can  be  demonstrated  by  a  more  perfect  circula- 
tion schema^  such  as  is  represented  in  fig.  268. 

The  heart  (H)  is  repre^nted  by  a  Higginson's  i^yringe,  which  is 
worked  with  the  hand ;  the  tube  from  it  represents  the  arterial  system, 
the  clip  E  tlie  resistance  of  the  arterioles ;  C  is  the  capillary  lake^ 
from  which  the  vein  (lai-ger  than  the  artery)  leads  back  to  the  he^rt 
H.  A  and  B  are  two  manometers  which  respectively  indicate  arterial 
and  \'enous  pressures.  Only  in  place  of  straight  tuiies  mercurial 
manometers  are  used.  Each  of  these  is  a  (J-t^^^  alxjut  half  filled 
with  mercury,  and  united  to  the  artery  or  vein  by  a  tube  containing 
tiuitL     If  the  mercury  in  the  two  limbs  of  the  (J  is  at  the  same  level, 
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the  pressure  of  the  fluid  in  connection  with  one  hmb  is  exactly  equal  to 
that  exerted  by  the  atmospheric  pressure  on  the  other.  The  mercury, 
however,  is  pushed  up  in  the  far  hmh  of  the  manometer  connected  to 
tho  artery,  the  pressure  there  bein*^  greater  than  that  of  the  atmos- 
phere ;  this  is  therefore  called  positive  pressure,  and  the  total  amount 
of  pressure  is  measured  by  the  difference  between  the  le\^els  a  and  a\ 
The  manometer  B  attached  to  the  vein,  however,  indicates  a  negative 
pressure  (h  h),  that  is  a  pra^sure  lees  than  that  of  the  atmosphere,  so 
that  tho  mercury  in  the  limb  nearest  the  vein  is  sucked  up. 

Anderson  Stuart's  kifmoscope  (fig.  269)  is  a  more  complete  schen^a. 
It  consists  of  a  long  l&itfen  tul>e  tilled  with  fluid,  the  two  ends  of 
which  are  connected  liy  an  imUa-rubber  tuL»e  on  which  is  a  valved 
syringe  to  represent  the  heart.  On  the  course  of  the  tube  are  a  large 
number  of  open-nioutihed  upright  manometers  which  indicate  the  pres- 
aure  when  the  8}Tinge  is  worked,  and  confer  on  the  tube  the  elasticity 
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necessary  to  cause  the  disappearance  of  the  pulse  in  the  middle  region 
which  represents  the  cjapUlaries,  The  long  leaden  tube  is  twisted 
round  a  cylinder,  bo  that  the  manometers  are  placed  closely  side  by 
sida 

We  can  now  pass  on  to  the  methods  adopted  in  the  investigations 
of  !  Jood-pressure  in  animals. 

The  fact  that  the  blood  exerts  considerable  presstire  on  the 
arterial  walls  may  be  readily  shown  by  puncturing  any  artery ;  the 
blocKi  is  propeUed  with  great  force  through  the  opening,  and  the  jet 
rises  to  a  considerable  height ;  in  the  case  of  a  smalt  artery,  where 

the  pressure  is  lower,  the  jet  is  not  so 
high  as  in  a  large  artery:  the  jerky 
character  of  the  outflow  due  to  the 
intermittent  action  of  the  heart  is 
also  seen.  If  a  vein  is  similarly  in- 
jured, the  blood  is  expelled  with  much 
less  force,  and  the  flow  is  continuous, 
not  intermittent 

The  first  to  make  an  advance  on 
this  very  rough  method  of  demon- 
strating blood-pressure  was  the  Eev. 
Stephen  Hales,  Yicar  of  Teddington 
(1702),  He  inserted,  using  a  small 
brass  tube  as  a  cannula,  a  glass  tube 
at  right  angles  to  the  femoral  artery 
of  a  horse,  and  noted  the  height  to 
which  the  blood  rose  in  it.  This  ia  a 
method  like  that  which  we  used  in 
the  first  schema  descrilied  (fig,  267), 
The  blood  rose  to  the  height  of  about 
8  feet,  and  having  reached  its  highest 
point,  it  oscillated  with  the  heart- 
beats, each  cardiac  systole  causing  a 
rise,  each  diastole  a  fall.  Hales  also 
noted  a  general  rise  during  each  inspiration.  The  method  taught 
Hales  these  primary  truths  in  connection  with  arterial  pressure,  but 
it  possesses  many  disadvantages ;  in  the  first  place,  the  blood  in 
the  glass  tube  very  soon  clots,  and  in  the  second  place,  a  column  of 
liquid  eight  feet  high  is  an  inconvenient  one  to  work  with. 

The  first  of  these  disadvantages  was  overcome  to  a  great  extent 
by  Vierordt,  who  attached  a  tube  filled  with  saturated  solution  of 
sodium  carbonate  to  the  artery,  and  the  blood-pressure  was  measured 
by  the  height  of  the  column  of  this  saline  solution  which  the  blood 
would  support. 

The  second  disadvanU^  waa  overcome  by  Poiaeuille,  who  intro* 
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duced  the  heavy  liquid,  mercury,  as  the  substance  on  which  the  blood 
exerted  its  pressure-  and  the  U -shaped  mercurial  nmnometer  was 
connected  to  the  artery  by  a  tube  filled  with  aodimn  carbonate 
solution  to  delay  clotting. 

The  Btudy  of  blood^pressure  cannot,  however,  te  considered  to 
have  been  in  a  satisfactory  condition  until  the  introduction  by  Carl 
Ludwig  of  the  Kymograph ;  that  is  to  say,  PoiseuiUe's  hmiodyTmmO' 
mtUr  Tflras  combined  with  apparatus  for  obtaining  a  graphic  record 
of  the  oscillatians  of  the  mercury.  The  name  kymograph  or  imm- 
writer,  we  shall  see  immediately,  is  a  very  suitable  one. 

A  skeleton  sketch  of  the  apparatus  is  given  in  fig.  270. 
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The  artery  is  exposed  and  clamped,  so  that  no  hemorrhage 
occurs ;  it  is  then  opened,  and  a  glass  cannula  is  inserted  and  firmly 
tied  in*  The  form  of  cannula  usually  employed  (FranQois  Franck's) 
is  shown  on  a  larger  scale  at  A ;  the  narrow  part  with  the  neck  in  it 
is  tied  into  the  artery  towards  the  heart  j  the  cross  piece  of  the  T  is 
united  to  the  manometer;  the  third  limb  is  provided  with  a  short 
piece  of  indiarubber  tubing  which  is  kept  closed  by  a  clip  and  only 
opened  on  emergencies,  such  as  to  clear  out  a  clot  with  a  feather 
should  one  form  in  the  cannula  during  the  progress  of  an 
experiment. 

The  tube  by  means  of  which  the  cannula  is  united  to  the  mano- 
meter is  not  an  elastic  one,  but  is  made  of  Qexible  metal,  so  that  none 


270 


THE  OIRCULA.TIOK   IN  THE  BLOOD-VESSELS  [cil.  XXI 


of  the  arterial  force  may  be  wasted  in  expanding  it.  The  tube, 
cannula,  and  proximal  limb  of  the  manometer  are  all  filled  with  a 
saturated  solution  of  sodium  carbonate,  sodium  sulphate,  or  other  salt 
which  will  mix  with  blood  and  delay  its  clotting.  Before  the  clip  is 
removed  from  the  artery,  the  pressure  is  first  got  up  by  a  syringe  (or 
pressure  bottle  contaimng  the  same  saline  solution  suspended  at  a 
good  height  alx)ve  the  apparatus  and  connected  to  it  by  a  tube),  so 
that  the  mercury  rises  in  the  distal  limb  to  a  height  greater  than  that 
of  the  anticipated  blood-pressure;  this  prevents  blood  passing  into 
the  cannula  when  the  arterial  clip  is  removed. 

In  the  distal  limb  of  the  U*tube,  floathig  on  the  surface  of  the 


Fii'.  *ni.  The  iiiAiiurn(tU''r  ut  Lutivvjg's  KyniogrHpli.  H  im  iiLs^j  kIiowji  In  tt^.  'JT'J,  i*,  Vt  k.  Ttiti 
iiiorciirj-  wbkh  partlaity  illh  th«  tube  aupporta  a  tloat  in  tlie  Ibnri  of  a  piston^  ufiftrly  tilling  tb» 
tube  ;  a.  wire  ta  fisced  to  the  float,  aLid  thfi  wrltltlg  style  or  peu  tixml  Ld  th0  wire  Is  gultled  by  iMutng 
ibroii^h  tbA  bnA»  cap  uf  the  Lube ;  tbft  prssKtire  Is  communlcaled  to  tbe  mereitry  by  mean^  Of  a 
tiexibit?  moUl  tube  filled  with  fluUl. 


mercury,  is  an  ivory  float,  from  which  a  long  steel  wire  extends 
upwards,  and  terminates  in  a  writing-point.  The  writing-point  may 
lie  a  stiS*  piece  of  parchment  or  a  bristle  which  wTites  on  a  moving 
surface  covered  with  smoked  paper,  or  a  small  brush  kept  fuU  of  ink 
which  writes  on  a  long  strip  of  white  paper  made  to  travel  by  clock- 
work in  front  of  it.  When  the  two  Umbs  of  the  mercury  are  at  rest, 
the  writing-point  inscribes  a  base  Une  or  abscissa  on  the  travelling 
surface ;  when  the  pressure  is  got  up  by  the  syringe  it  writes  a  line 
at  a  higher  level.  When  the  arterial  clip  is  removed  it  writes  waves 
as  shown  in  the  diagram  (fig.  270),  the  large  waves  corresponding  to 
respiration  {the  rise  of  pressure  in  most  animals  accompanying 
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mapiratian),*  tlie  smaller  ones  to  the  individual  heart- Vieata.  The 
blood-pressure  is  really  twiee  as  great  as  that  indicated  by  the  hei|j;ht 
of  the  tracing  above  the  abscissa,  because  if  the  manometer  is  of  equal 
bore  throughout,  the  mercury  falls  in  one  limb  the  game  distance  that 
it  rises  in  the  other;  the  true  pressure  is  measured  by  the  difference 
of  level  between  a  and  a'  (fig.  270). 

Fig.  271  shows  a  more  complete   view  ot   the   manometer,  and 
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fig.  272  is  a  diagram  of  the  arrangement  by  means  of  which  it  is 
made  into  a  kymograph. 

Fig,  273  shows  a  typical  normal  arterial  blood-pressure  tracing  on 
a  larger  scale. 

In  taking  a  tracing  of  vmiouB  Uot^d-pr^ssun,  the  pressure  is  so  low 
and  corresponds  to  so  few  millimetres  of  mercury,  that  a  saline 
solution  is  usually  employed  instead  of  mercury.     If  the  vein  which 

•  The  explanation  of  the  re&pimtory  curires  mi  the  tracing  is  postponed  tiU 
alter  W€  tiave  s^Uidied  litspirjitiozi. 
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ill  investigated  is  near  the  heart,  a  venous  pidse  is  exhibited  on  the 

tracing,  with  small  waves  as  before  corresponding  to  heart-beats,  and 


fn«nruTiftt  k>'mQfrmpb,  Tli«  «n»)li?r  undaliitloDfi  CQnwpmt\  with  tli«  }i«»jt-be*U,  llM  Uebm^  e«r 
with  tb«  renpirMoiy  rmwamHaito.  Tli»  stBctvu  or  b*a«  line,  Trblcb  on  tbls  t»Ia  would  'be  i«v« 
iQcli«t  btf ow  ibo  tntdfie*  i«  not  ibowD.    (BardoEi  -^widenon .  > 

larger  waves  to  respiration,  only  the  respiratory  rise  in  pressure  now 
accompanies  expiration. 

The  mpUlwry  pr^ssm'e  is  eetinrnted  by  the  amount  of  pressure 


FlO.  2T4.— A  form  ut  Ftrkw  Spiinu  K^fttiogtapH.  ft,  Ttitw  to  be  c^jniirct^d  wjtli  artery ;  f,  hollow  tpring, 
the  movenwut  or  wbkh  ifuiv«  b^  tha  writing  ^eTiar;  c,  acr^w  t^  regutat«  hfllght  of  i!»;  d,  ouiside 
protcetlw  i{>rtiig ;  ff,  Mrew  to  fix  oo  ibe  upright  orttiH  KUjiport. 

necessary  to  blanch  the  skin ;  this  has  been  done  in  animals  and  men 
(v.  Kries,  Koy  and  Brown). 

Other  manometers  are  often  employed  instead  of  the  merctirial 
one.  Fick*s  is  one  of  these.  The  blood-vessel  is  connected  as  before 
with  the  manometer,  and  the  pressure  got  up  by  the  use  of  a  sjTinge 
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extent  of  each  pressure  change  is  much  better  seen.  In  a  mercury 
mEQometer  the  inertia  is  so  great  that  it  caimot  reopoiid  to  the  very 
rapid  yari^tioiLS  iii  preesure  which  occur  within  an  artery  during  oaea 
cardiac  cycle.  If  Fiok'e  or  Hiirthle's  manometer  is  employed,  and 
the  sarfaoe  travels  sufficiently  fast^  these  can  be  recorded  (soc*  fig, 
276)*  These  instruments,  though  useful  for  recording  tho  cniiiplote 
changes  in  pressure,  require  calibration :  that  is,  tho  cxkuit  uf  mi>vts- 
mant  that  corresponds  to  kfiown  pressures  must  be  asoertainod  by 
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actual  experiment.  They  t«ach  us  that  the  highest  pressure  reached 
during  systole  may  be  twice  or  thrice  the  lowest  attained  diu-ing 
diastole. 


ft  ^  i\  (i 


mmi 


FlO*  S70-— Normal  artt^rlal  traclDg  obtiimed  witli  Fick's  Kymograph  ta  tbedo^. 

The  following  table  gives  the  probable  average  height  of  blood- 
pressure  in  various  parts  of  the  vascular  system  in  man.  They  have 
been  very  largely  inferred  from  experiments  on  aniiiaals  i— 

(  +  110  mm.  (about  6  inches) 


Large  arteries  (e.g.  carotid) 

Meditim  arteries  (e.g.  radial) 
Capillaries         ,         ,  .   + 

Small  veins  of  arm    ♦ 
Portal  vein 
Inferior  vena  cava     , 
I^rge  veins  of  neck 


mercury.  , 
110  mm,  mercury, 

20    „ 


(Starling.) 


Thee©  pressures  are,  however,  subject  to  considerable  variations ; 
the  principal  factors  that  cause  variation  are  the  following : — 
Increase  of  arterial  blood-pressure  ia  produced  by — 
1*  Increase  in  the  rate  and  power  of  the  heart -beat. 

2.  Increase  in  the  contraction  of  the  arterioles, 

3.  Increase  in  the  total  quantity  of  blood  (plethora,  after  a  me 

after  transfusion). 
Decrease  in  the  arierial  blood-pressure  is  produced  by — 

1.  Decrease  in  the  rate  and  force  of  the  heart-beat. 

2.  Decrease  in  the  contraction  of  the  arterioles. 

3.  Decrease  in  the  quantity  of  blood  (e.g.  after  haemorrhage). 
The  above  is  true  for  general  arterial  pressure;  but  if  we  are 

investigating  local  arterial  pressure  in  any  organ,  the  increase  or 
decrease  in  the  size  of  the  arterioles  of  other  areas  may  make  its 
effect  felt  in  the  special  area  under  investigation. 

Venous  pressure  varies  directly  with  the  volume  of  the  blood  ;  in 
the  arteries  the  effect  of  increase  of  fluid  is  slight  and  temporary, 
owing  to  the  rapid  adaptability  of  the  peripheral  resistance ;  the 
excess  of  fluid  collects  in  and  distends  the  easily  dilatable  venous 
reservoir.  With  regard  to  the  first  and  second  factors  in  the  foregoing 
table,  venous  pressure  varies  in  the  opposite  way  to  arterial  pressure. 
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It  ia  easy  to  understand  how  thiB  is ;  when  the  rate  of  the  heart 
increases,  the  total  volume  of  blood  discharged  into  the  aorta  per 
aaoond  is  increased ;  similarly,  an  increase  in  the  form  of  the  beat 
also  results  in  an  increase  in  the  cardiac  output,  and  in  both  casas 
a  more  rapid  and  complete  emptying  of  the  auricle  is  produced.  This 
is  felt  throughout  the  whole  of  the  pulmonary  eirculationp  and  the 
accelerated  flow  therefore  causes  a  fall  in  the  venous  pressure.  If, 
however,  the  rise  of  pressure  is  due  to  a  contTaction  of  the  arterioles, 
a  stage  may  be  reached  in  wluch  the  heart  is  no  longer  able  to  over- 
come the  high  pressure  pmdticed.     Ft  then  fnWs  to  empty  itself,  and 


Flo.  i77*- Effect  of  wenk  9tlmiit«tlloi)  of  the  pprlphcral  vtM  nt  VHgiu  on  «rimAl  bluutl-proisure  ((;urutJU 
of  imbbLt}.  np,  Blc»ti^prt'«iurv;  a,  ftl^tti^ls^  ur  htM  Until  t«  tiino  in  t«cotit)$<  Kotv  lUJ  of  bk^jd* 
pfeuofe  §B.d  «low  litMin- beats, 

the  blood  is  dammed  up  on  the  venoua  side,  ie.  the  venous  presstiro 
riaas. 

With  regard  to  the  arterioles,  contraction  means  a  rise  in  arterial 
pressure,  bemuse  while  the  amount  sent  into  the  arteries  remains  the 
same  the  outflow  is  cut  down.  More  blood  is  therefore  retained  in 
them ;  they  become  more  distended  and  the  pressure  rises.  The  first 
effect  of  this  upon  the  venous  pressure  will  be  to  diminish  it,  because 
if  more  blood  is  retained  in  the  arteries  there  is  leas  for  the  veins 
and  capillaries.  Also  the  rate  of  flow  into  the  veins  is  at  first 
decreased,  and  the  venous  pressure  therefore  falls.  Moreover,  the 
heart  usually  responds  to  a  rise  in  pressure  by  increasing  its  force 
and  rate,  and  consequently  more  blood  is  taken  from  the  veins  near 
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the  heart     For  both  reasons,  then,  the  venous  pressure  will  fall,  bnt 
that  fall  is  limited,  aa  pointed  out  above,  to  aiieh  an  increase  only  as 
the  heart  is  capable  of  overcoming  successfully. 
Capillary  pressure  is  increased  by— 

1.  Dilatation  of  the  arterioles;  the  blood-pressure  of  the  lat^ 
arteries  is  then  mor©  readily  propagated  into  them. 

2.  The  BUB  of  the  arterioles  remaining  the  same,  increase  of 
arterial  pressure  from  any  other  cause  will  produce  a  rise  of  capillary 
pressure. 

3.  By  narrowing  the  veins  leading  from  the  capillary  area ;  com- 
plete closure  of  the  veins  may  quadruple  the  capillary  pressure. 
This  leads  secondarily  to  an  increased  formation  of  lymph  (dropsy) ; 
as  when  a  tumour  presses  on  the  veins  coming  from  the  legs. 

4.  Any  circumstance  that  leads  to  increased  pressure  in  the  veins 
will  act  similarly;  this  is  illustrated  by  the  effects  produced  by 
gravity  on  the  circulation,  as  in  alterations  of  posture. 

Capillary  pressure  is  decreased  by  the  opposite  conditions. 

Capillary  pressure  is  much  more  influenced  by  changes  in  the 
venous  pressure,  than  by  changes  in  the  arterial  pressure,  since  there 
is  between  the  arteries  and  capillaries  the  variable  and  usually  un- 
known peripheral  resistance  of  the  arterioles. 

EffiRci  of  gravity  on  the  drmdation. — The  main  effect  of  gravity  is 
that  the  veins  are  filled  with  blood  in  the  part  which  is  placed  down. 
Thus,  if  an  animal  is  placed  suddenly  with  its  legs  hanging  down,  less 
blood  will  go  to  the  heartj  and  the  blood-pressure  in  the  arteries  will 
fall  temporarily  in  conse^quence.  This  hydrostatic  effect  of  gravity  is 
soon  overcome  by  an  increased  constriction  of  the  vessels  of  tlie 
splanchnic  area,  when  the  vaso-motor  mechanism  is  working  normally. 
The  efficient  action  of  the  "  respiratory  pmnp  "  is  also  of  importance 
in  counteracting  gravity. 

A  very  striking  illustration  of  the  effect  of  gravity  on  the  circula- 
tion can  be  demonstrated  on  the  eel  The  animal  is  anoesthetised, 
and  a  small  window  is  made  in  the  body  wall  to  expose  the  heart. 
If  the  animal  is  then  suspended  tail  downwards,  the  beating  heart  is 
seen  to  be  empty  of  blood ;  all  the  blood  accumulates  in  the  tail  and 
lower  part  of  the  body ;  the  animal  has  no  "  respiratory  pump/'  such 
as  a  mammal  possesses,  to  overcome  the  effects  of  gravity.  If,  how- 
ever, the  animal,  still  with  its  tail  downwards,  be  suspended  in  a  tall 
vessel  of  water,  the  pressure  of  the  water  outside  its  body  enables  it 
to  overcome  the  hydrostatic  effect  of  gravitation,  and  the  heart-cavi- 
ties once  more  fill  with  blood  during  every  diastole.  Another  experi- 
ment originally  performed  by  Salathe,  can  be  demonstrated  on  a 
**  hutch "  rabbit.  If  the  animal  is  held  by  the  ears  with  its  legs 
hanging  down,  it  soon  becomes  unconscious,  and  if  left  in  that  position 
for  about  half  an  hour  it  will  dia     This  is  due  to  anaemia  of  the 
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brain ;  the  blood  accumulates  in  the  very  peodulouB  abdomen  which 
auch  domesticated  animals  acquire,  and  the  vaao-motor  mechanism  of 
the  Bplaachnic  area  is  deficient  in  tone,  and  cannot  be  set  into  snch 
vigorous  action  as  is  necessary  to  overcome  the  Imd  effects  of  gravity. 
Consciousness  is,  however,  soon  restored  if  the  animal  is  placed  in  a 
horizontal  position,  or  if  while  it  is  still  hanging  vertically  the  abdomen 
is  squeezed  or  bandaged.  A  wild  rabbit,  on  the  other  hand,  sufiers  no 
inconvenience  from  a  vertical  position ;  it  is  a  more  healthy  animal  in 
every  respect;  its  abdomen  is  not  pendulous,  and  its  vaso-motor 
power  is  intact.     (Ijounard  Hill.) 
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The  pressure  in  the  Pulmonary  CirculaHon  varies  from  J  to  | 
(meau  J)  of  that  in  the  systemic  vessels. 

7^  influence  of  the  Cardidc  Nerves  on  blood-pressure.  The 
importance  of  the  heart's  action  in  the  maintenance  of  hlood-presmire 
is  well  shown  by  the  effect  that  stimulation  of  the  vagus  nen^e  has 
on  the  l>laod- pressure  curve.  If  the  vagus  of  an  animal  is  exposed 
and  cut  through,  and  the  iieripheral  end  stimulated,  the  result  is  that 
the  heart  is  slowed  or  stopped ;  the  arterial  bloocl-pressure  conse- 
quently falls;  the  (all  is  especially  sudden  and  great  if  the  beart  is 
completely  stopped     There  is  a  rise  in  venous  pressure.     The  effect 


278 


THE   CIRCULATION    IN   THE   BLOOD-VESSELS  [CIL  XXI* 


on  arterial  pressure  ia  shown  in  the  two  accompanying  tracings ;  fig. 
277  representing  the  effect  of  partial,  and  fig.  278  of  complete 
stoppage  of  the  heart ;  in  both  cases  the  animal  used  was  a  rabbit, 
and  the  artery  the  carotid. 

On  stimulating  the  cardiac  sympathetic  (accelerator  and  augmQntor 
fibres)  the  increased  action  of  the  heart  causes  a  rise  of  arterial  pres- 
8uro» 

The  effects  of  stimulating  the  central  end  of  the  vagus  and  other 
nerves  cannot  be  understood  until  we  have  studied  the  vaso-motor 
nervous  system* 

The  Velocity  of  the  Blood-flow. 

We  have  already  seen  that  the  velocity  of  the  current  of  blood  is 
inversely  projTOrtional  to  the  sectiunal  area  of  the  l)ed  through  which 
it  flows.  The  flow  is,  therefore,  swiftest  in  the  aorta  and  arteries,  and 
slowest  in  the  capillaries.  In  very  round  numbers,  the  rate  is  about 
a  foot  per  second  in  the  aorta,  and  about  an  inch  per  minute  in  the 
eapiJlaries.  The  capacity  of  the  veins  is  alc*out  twice  or  thrice  that  of 
the  arteries ;  so  the  velocity  in  the  veins  is  from  a  half  to  a  third  of 
that  in  the  corresponding  arteries.  The  rate  in  the  veins  increases  as 
we  approaeh  the  heart,  aa  the  total  sectional  area  of  the  venous  trunks 
becomes  less  and  less. 

The  question  of  velocity  ia  one  of  great  importance,  for  it  is  on 
velocity  that  the  actual  amount  of  blootl  supplying  the  tissues  mainly 
depends.  In  the  capillaries  the  rate  can  be  measured  by  direct  micro- 
scopic investigation  of  the  transparent  portions  of  animals.  E.  H* 
Weber  and  Valentin  were  among  the  earliest  to  make  these  measure* 
monts  in  the  frog,  and  the  mean  of  their  estimates  gives  the  velocity 
as  25  mms.  per  minute  m  the  systemic  capillaries.  In  warm-blooded 
animals  the  velocity  is  somewhat  greater ;  in  the  dog  it  is  ,.^  to  y^it 
inch  (0"5  to  0  75  mm.)  per  second.  It  must  be  remembered  that  the 
total  length  of  capillary  vessels  through  which  any  given  portion  of 
blood  has  to  pass  proUably  does  not  exceed  from  tu  ^^  ^  i^^h 
(0"5  mm,),  and  therefore  the  time  required  for  each  qtmntity  of  blood 
to  traverse  its  own  appointed  portion  of  the  general  capillary  system 
will  scarcely  amount  to  a  second.  It  is  during  this  time  that  the 
blood  does  its  duties  in  reference  to  nutrition. 

In  the  larger  vessels  direct  observations  of  this  kind  are  not 
possible,  and  it  is  necessary  to  have  recourse  to  some  instrumental 
method. 

Volkmann  was  the  first  to  make  more  or  less  accurate  measure- 
ments by  introducing  a  lung  (J-sl^^^P^^J  glass  tube  into  the  course  of 
an  artery.  A  diagram  of  this  hcEmodrommneter,  as  it  was  termed,  is 
shown  in  the  accompanying  diagram  (fig.  279);  this  ia  filled  with 
salt  solution,  and  provided  with  a  stop-cock  a ;  this  tap  is  so  armnged 
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that  the  blood  can  flow  straight  across  from  one  section  of  the  artery 
to  the  other ;  then  at  a  given  instant  it  is  turned  into  the  position 
shown  in  the  diagram,  and  the  h!ood  hn.B  to  traverse  the  long  (J^tnbe, 
and  the  time  that  it  takes  to  traverse  the  tube,  the  length  of  which ' 
is  known,  is  accurately  observed.  If  the  sectional  area  of  the  tube  is 
the  same  as  that  of  the  artery^  the  velocity  is  obtained  without 
further  correction;  but  the  difficulty  of  obtaining  glass  tubes  with 
the  exact  calibre  of  every  blood-vessel  which  one  desires  to  experi- 
ment with  led  to  the  abandonmeot  of  this  method,  and  Ludwig's 
Stromuhr  (literally  stream-clock)  took  its  place.  Tliis  consists  of  a 
U-shaped  glass  tube  dilated  at  a  and  a\  the  ends  of  which,  k  and  i^ 


fP^ 
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are  of  known  caHbre.     The  bnlbs  can  be  filled  by  a  common  opening  j 
at  fc.     The  instrument  is  so  contrived  that  at  h  and  b\  the  glass  part  ^ 
is  firmly  fixed  into  metal  cylinders,  attached  to  a  circular  horizontal 
table  c  c\  capable  of  horizontal  movement  on  a  similar  table  d  d\ 
about  the  vertical  axis  nmrked  in  the  figure  by  a  dotted  line.    The 
o|>enings  in  c  c\  when  the  instrument  is  in  position,  as  in  fig,  280, 
corresponds  exactly  with  those  md  d';  but  if  c  t  is  turned  at  right 
angles  to  its  present  position,  there  is  no  communication  between  h 
and  a  and  i  and  ol^  but  h  communicates  directly  with  i ;  and  if  turned 
through  two  right  angles  c'  communicates  with  d^  and  c  with  d\  and 
there  is  no  direct  communictition  between  A  and  i.     The  experiment , 
is  performed  in  the  following  ways^ — The  artery  to  Ij6  investigated! 
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IB  divided  and  connected  with  two  cannulse  and  tubes  which  fit  it 
accurately  with  h  and  t;  A  is  the  central  end,  and  i  the  peri- 
pheral ;  the  bulb  a  is  filled  with  olive  oil  up  to  a  point  rather  lower 
than  k%  and  a'  and  the  remainder  of  a  is  filled  with  defibrinated 
blood ;  the  tube  on  k  is  then  carefully  clamped ;  the  tubes  d  and  rf' 
are  also  filled  with  defibrinated  bloodL  When  everything  is  ready, 
the  blood  is  allowed  to  flow  into  a  through  h,  thus  driving  the  oil 
over  into  a'  and  displacing  the  defibrinated  blood  through  i  into  the 
peripheral  end  of  the  artery ;  a  is  then  full  of  oil ;  when  the  blood 
reaches  the  former  level  of  the  oil  in  a,  the  disc  c  c'  is  turned  rapidly 
through  two  right  angles,  and  the  blood  flowing  through  d  into  a 
again  displaces  the  oil,  which  is  driven  into  a.  This  is  repeated 
several  times,  and  the  duration  of  the  experiment  noted.  The 
capacity  of  a  and  of  is  known;  the  diameter  of  the  artery  is  then 
measured,  and  as  the  number  of  times  a  has  l>een  filled  in  a  given 
time  18  known,  the  velocity  of  the  current  can  be  calculated. 
We  may  take  an  example  to  illustrate  this  :^ 

_-  ,  volume  per  second      V 

Velocity  =  — r--^— i =-c' 

^  sectional  area  S 

If  the  capacity  of  the  bulb  is  6  cc,  and  it  required  100  seconds  to 
fiU  it  10  times,  then  the  amount  of  blood  passing  through  the  instru- 
ment would  be  60  c.c.  in  100  seconds,  or  0^5  c.c.  in  1  second  Next, 
suppose  the  diameter  of  the  artery  is  4  nuu.  The  sectional  area  is 
wr^\  r  is  the  radius  (2  mm.)»  and  7r  =  3'1416.  From  these  data  we 
get 

^-  ,     ..        V  0*5  c,c.  500  cubic  miUiroetres 

Velocity  ^^^  ^.ina^m  =      "    ^.taia^i  =  39'8  ^^   V^^  ^*^^^ 


S  ^3*1416  X  2* 


3*1416  x4 


Many  modifications    of    Lud wig's   original   inatrmnent  have    beeB 
devised     Fig.  281  shows  Tigers  ted  t's. 

The  tubes  A  and  B  are  placed  in  connection  with  the  two  ends 
of  the  cut  artery  as  1?efore;  there  is  also  a  turn-table  arrangement  at 
F,  by  means  of  which  the  two  upper  tubes  C  and  D  may  be  connected 
as  in  the  figure ;  or  by  twisting  it  through  two  right  angles,  D  can  be 
made  to  communicate  with  A,  and  C  with  B.  In  place  of  the  two 
bulbs  of  Lud wig's  instrument  there  is  a  glass  cylinder  H  which 
contains  a  metal  ball  E.  The  whole  instrument  is  washed  out  with 
oil  to  delay  clotting,  and  filled  with  defibrinated  blood.  As  soon  as 
blood  is  allowed  to  flow  from  the  artery,  the  ball  E  is  driven  over  by 
the  current  till  it  reaches  the  other  end  of  the  cylinder ;  the  instru- 
ment is  then  rapidly  rotated  through  two  right  angles,  and  once 
more  the  ball  is  driven  to  the  opposite  end.  Tixis  is  repeated  several 
times,  and  the  number  of  revolutions  during  a  given  period  is  noted. 
The  capacity  of  the  cylinder  7niniis  that  of  the  ball  is  ascertained, 
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and  the  velocllj  Is  cftle^ted  bj  Ihe  nmo  fofBtok  ss  timt 

given. 

The  Stromuhr  h^  ona  adrsatige  over  tiie  kemodiomomieler,  m 
that  it  enables  one  lo  nota  €liftiig»  in  lum  nloeilT'  dnni^  the 
uourse  of  an  experimenL  The  mavi  vdocttf  vanes  very  groalij 
even  during  a  short  experlmeiiL  Tims,  in  the  carotid  artery  of  a 
dog,  the  veloeitj  of  the  stream  Tmnad  from  350  to  7S0  mnL  per 
second  in  the  eonrse  of  eigjitj  aeeonds ;  in  the  same  arterv  of  the 
rabbit  the  vanationa  were  etiU  mote  exl^isive  (94  to  226  mm.  per 
second — Dc^el). 

Other  instruments  have  been  defvised  whicb  gite  the  vmriations 
in  the  velocity  during  the  phaaes  of  the  heart-beat;  and  some  of 
these  lend  themselves  to  the  graphic  method^  and  give  tracings  of 
what  is  called  the  v€l<mi^  puhe.  Before  we  can  understand  tbeee,  it 
18    uecessary  first    to  study   the 


VT! 


relationship  of  velocity  to  blood- 
pressure.  Mere  records  of  blood- 
pressure  giv^e  us  no  indication  of 
the  velocity  of  the  blood-stream ; 
the  latter  depends,  not  on  the 
absolute  amount  of  pressure,  but 
on  the  differences  of  pressure 
between  euccessive  points  of  the 
vascular  system,  Wlien  a  fluid 
is  ID  Diovement  along  a  tube  the 
forces  maintaining  the  flow  are 
two  in  number,  the  one  hydro- 
kinetic,  the  other  hydro -simiic. 
Thus,  ii  wa  cousider  the  flow  from 
one  point  in  the  tube  to  another  (say,  for  example,  at  1  em,  dis- 
tance), the  force  producing  the  flow  are  (1)  the  kioetic  energy  pos- 

fftttd 
sessed  by  the  blood  when  it  enters  the  first  spot  (i*.  -^  dynes 


#1 


2 


mv^ 


or   ^  gramme-centimetres);  and  (2)  the  difference  between  the  two 

lateral  pressures  at  the  two  points  in  question.  The  important 
point  to  remember  with  respect  to  the  part  the  pressure  plays,  is 
that  the  actual  value  of  the  lateral  pressure  does  not  matter,  but 
that  the  resulting  velocity,  so  far  as  pressure  is  concernetl,  depends 
only  upon  the  fall  of  pressure  between  the  two  points.  There fi^re, 
the  measurement  to  be  determined  is  the  rate  of  fall  of  pressure, 
or,  as  it  is  usually  expressed,  the  pressure  grmlient.  The  steeper 
this  grailient  is,  the  more  rapid  is  the  flow.  Thus,  if  an  artery 
is  sudcleiily  cut  across,  the  blood  will  spurt  out  at  a  far  i^roator 
velocity  thuu   it  possessed  when   Bowing  along  the  intact  artery, 
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because  the  pressure  gradient  bas  been  enormously  Increaaed  in 
steepness*  If,  on  the  other  baud,  we  suddenly  cut  across  a  vein 
along  which  the  blood  had  been  flowing  at  the  same  pace  as  in  the 
intact  artery  first  investigated,  the  flow  will  not  be  markedly 
accelerated,  because  the  change  in  pressure  gradient  has  not  been 
increased  to  nearly  so  great  an  extent. 

Again,  the  flow  along  a  vein  is  just  as  rapid  as  along  an  artery 
of  the  same  size,  for  although  the  actual  pressure  in  the  vein  is  much 
less,  the  pressure  gradient  ia  just  as  steep. 

The  influence  of  the  kinetic  factor  is  also  of  great  importance  in 
the  consideration  of  the  flow  of  blood  along  the  arteries  and  veins. 
In  the  first  place,  it  is  obviously  possible  for  the  blood  to  flow  from 
one  point  to  another  at  a  higher  pressure  if  the  kinetic  energy  at  the 
first  point  is  more  than  enough  to  compensate  for  the  pressure 
increase.  Under  such  cireumBtances  the  velocity  at  the  second 
point  muj3t  of  course  be  less  than  that  at  the  first.  This  implies, 
therefore,  that  the  bed  of  the  stream  has  widened,  and  under  such 
circumstances  the  blood  could  actually  flow  uphill  In  the  case  of 
the  veins,  as  we  have  previously  seen,  the  bed  cotitinuoualy  narrows, 
so  that  this  cannot  take  place ;  still  it  is  possible  to  conceive  such 
a  condition  to  occur  as  that  in  which  the  blood  from  a  well-filled 
vein  empties  into  a  more  collapsed  larger  vein  situated  at  a  higher 
teveL  The  one  instance  in  which  this  effect  is  produced  and  is  of 
great  importance  is  in  the  filling  of  the  auricles  and  ventricles.  As 
these  cavities  fill,  the  blood  comes  to  rest  and  so  loses  all  kinetic 
energy;  consequently  the  whole  of  the  kinetic  energy  possessed 
by  the  blood  flowing  in  the  veins  is  couverted  into  static  energy, 
that  ia,  into  a  pressure-head ;  in  this  way  the  cavities  are  distended 
to  a  much  higher  pressure  than  that  in  the  great  veins.  The 
leute  distension  of  the  right  auricle  which  follows  any  sudden 
failure  of  the  right  ventricle  is  brought  about  chiefly  in  this 
way. 

It  is  usual  to  speak  of  the  lateral  pressure  of  the  blood  on  the 

vea^l  wall  as  the  pressure-headf  and  of  the  kinetic  energy  measured 

m  terms  of  a  pressure  as  the  mlocity-head.     We  could  then  say  that 

^Tdoeity  between  any  two  points  is  determined  by  the  difference 

^wtowen  the  two  pressure-heads  plus  the  velocity-head  at  the  first 

l^V   Ona  method  of  recording  the  velocity -head  is  by  the  use  of 

^WbiCK.U>t*a  tube)  ahai^ed  as  in  the  accompanying  figure  (fig.  282), 

^«)i«»4  la  made  to  enter  at  A*  and  leave  through  B ;  in  the  same 

■^S^^  ifca  A.  is  a  tube  C.  and  a  second  tube  I)  is  placed  at  right 

t  ^STu^''^  ^^^  ^'    ^^  ^^^  ^^^^^  C  and  D  are  placed  vertically 

^  ?**^  ^aS^eaUy  long,  the  blood   would   flow   up 


.^^  v-iA.'^"''  '""^'  ^^^  blood  would  flow  up  C  until  it 
^j  ^^^3^S^  'fmt'^i  would  balance  the  pressure-head  piu'S  the 
The  ^■^^^H'«, " 


»^oiild  only  reach  a  height  sufficient  to  balance 
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pitot's  tube 


/^^ 


ii> 


the  pressure-head ;  the  difference  in  height  between  the  two  would , 

therefore  give  the  velocity-head.  As  the  tubes  would  in  this  waj_ 
b©  inconveniently  long^  it  is  better  to  use  short  tubes  connected  at 
the  top  by  glass  or  rubber-tubing.  The  air  contained  will  be  com- 
pressed, and  the  two  pressure-heads  will  balance  one  another,  so  that 
the  difference  in  height  wiU  again  represent  the  velocity-head;* the 
velocitrjr  will  be  directly  proportional  to  the  square  root  of  this 
velocity 'head.  This  is  the  principle  of  one  of  the  best  instruments 
w©  possess  for  determining  velocity,  namely,  Cybidski's  photo-h^mato- 
chometer.  The  meniscus  of  the  fluid  in  each  tube  is  photoginphed 
on  a  moving  sensitive  plate,  and  in  this 
way  a  graphic  record  is  obtained  of  the 
changea  in  velocity  at  times  corresponding 
to  d^erent  parts  of  the  cardiac  cycle.  If 
one  wishes  to  determine  the  velocity  in 
absolute  measures,  the  instrument  must  be 
previously  calibrated  by  passing  through 
it  fluids  flowing  at  kuown  rates.  It  will 
be  sufficient  to  givo  the  results  of  one 
experiment;  in  the  carotid  artery  during 
the  ventricular  systole  the  flow  was  at  the 
rate  of  238-248  mm.  per  second;  diu-ing 
the  diastole  it  sank  to  127-156;  in  the 
femoral  artery  of  the  same  animal,  these 
numbers  were  356  and  177  respectively. 

To  deterndne  the  pressure  gradient  in 
arteries,  simultaneous  measurements  of 
the  lateral  pressures  in  two  vessels  at 
different  distances  from  the  heart  must  be 
recorded. 

It  has  been  found  that  the  diastolic 
pressures  in  the  crural  and  carotid  are 
practically  identical,  but  that  the  maximum 
systolic  pressure  ia  actually  higher  in  the 
crural  than  in  the  carotid;  in  the  dog  the  difference  may  amount 
to  as  much  as  60  mm.  mercury.  This  difference  is  partly  to  be 
explained  in  that  the  carotid  arises  from  the  aorta  at  a  right  angle, 
and  therefore  gives  the  true  pressure-head,  while  the  crural,  to  a  con- 
siderable  extent,  faces  the  stream,  and  therefore  gives  both  pressure- 
head  and  velocity -head. 

Unfortunately,  at  present  no  really  satisfactory  measurements  are 
at  hand  from  which  the  pressure  gradient  can  be  determined. 

Cybulski's  instrument  is  not  the  only  one  we  possess  for  obttiining 
records  of  the  velocity -pulse.  Vierordt  invented  a  hsemo-tachometer, 
employing  the  principle  of  the  hydrometrie  pendulum ;  his  instrument 
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was  improved  by  Chauveau,      Ghauv6au*s  instrument  h  shown  in 
%  283. 

It  consists  of  a  thin  brass  tixbe.  a*  fti  one  side  of  which  is  »  srnalJ  perfomtioti 
closed  hf  thin  vukanised  indiarubher.  Passing  through  the  rubber  is  a  fine  lever, 
one  end  of  w  hich,  slightly  flattened » 
extcTids  into  the  Inm^n  of  the  tube, 
while  the  other  moves  over  the  fiuje 
of  a  dbL  The  tube  j.s  inserted  into 
the  interior  of  an  artery,  and  liga- 
tures applied  to  fix  it,  so  that  the 
"t'*'/on7j/  puhfi^*'  Lf.^  the  change  of 
velocity  with  each  heart- beat,  may- 
be indicated  b}'-  the  movement  of 
the  outer  extremity  of  the  lever  on 
the  face  of  the  diaC 

In  order  to  obtain  the 
actual  value  of  theae  move* 
ments  in  terms  of  velocitj,  tlie 
instrument  must  be  calibrated 
beforehand.  The  next  dia- 
gram, fig.  284,  shows  how  the 
instrument  may  1)6  adapted 
to  give  a  graphic  record. 
The  movements  of  the  i>en- 
dulum  are  brought  to  bear  upon  a  tambour  B,  which  communicates 
by  a  tube  with  th^  recording  tambour  C,  If  fche  mass  of  the  pen- 
dulum 13  smill,  tho  accuracy  of  the  instrument  is  considerable. 
Fig.  285  shows  the  tracing  obtained  from  the  carotid  artery  of 
the  horse.  The  pressure  curve  is  placed  below  it  for  purpose  of 
comparison.  The  tracing  shows  the  effects  tluring  the  time  corre- 
sponding to  one  cirdiao  cycle.     On  both  curves  the  upstroke  is  the 


Pin.  2S3. — DiiigniiiiDfCl^aiivnu'e  Dramogimuh.  a«Bnsi 
ttibft  for  iiitnvjuction  Into  tba  Lamon  of  the  •rl«^t 
and  coi]itM.hiiiin  in  indei  needlii,  which  puam 
through  thn  el&i^tic  m'^iistiratifl  hi  It^  Hld«,  mud 
moves  by  the  Impulse  of  the  hUKjfS  curroot ; 
r,  grmfliiaUd  *calo,  for  m6A»ariiJg  the  cjcteol  of  the 
oactlUtiuTift  or  th«  ti««dlfl. 


Fio,  2S4.— Chi&uv»u'a  Drtimognph  coonectad  wltli  tambmiri  to  giva  m  gnphic  record* 

effect  of  the  ventricular  systole ;  this  ternunates  at  the  apex  of  the 
(ast  small  curve  (between  the  vertical  lines  3  and  4)  on  the  down- 
stroke  of  the  pressure  curve,  the  rest  of  the  down  stroke  until  the 
commencement  of  the  next  systole  (line  5)  corresponds  with  the 
ventricular  diastole.  Beyond  tho  lino  4  is  a  larger  secondary  wave, 
which  is  known  as  tho  dicrotic  wave ;  the  smaller  post-dierotic  waves 
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are  due  to  elaatic  vibrations.  We  shall  h&  stndying  all  these  points 
more  in  detail  when  we  come  to  the  pvilse.  Wlien  we  compare  the 
two  curves  tc^ther  we  note  that  the  velocity  cur\^a  reaches  its  maxi- 
mum before  the  pressure  curve;  this  is  because,  as  the  arteries  become 
overfilled,  the  heart  cannot  maintain  the  initial  velocity  of  output.  The 
blood  is  thus  forced  along  the  arteries ;  then  conies  the  diastole,  and 
the  recoil  of  the  elastic  arteries  not  only  forces  the  blood  onwards, 
but  also  produces  a  back-swing  against  the  closed  aortic  valves ;  this 
produces  the  notch  before  the  dicrotic  wave ;  the  blood  is  reflected 
from  the  aortic  valves,  once  more  producing  a  positive  wave  (the 
dicrotic  wave).  This  affects  both  speed  and  pressure.  It  will  bo 
noticed  that  during  the  dicrotic  notch  the  pressure  falls  comparatively 
little,  but  in  the  velocity  curv^e  the  fall  is  considerable,  and  the  curve 
ginks  below  the  Imse  line  oo.     This  negative  effect  is  naturally  much 


FiO,  S^,— Velocity  carrt  (V),  itnl  pressure  curve  (P)  from  tb^  emrotM  artery  of  thft  liurse ;  m,  »bMl!*!ti 
or  velcKlty  corv«*,  l,  2, 3,  l  show  AlmultAnspri*  pqJulii  on  both  ciirv*H.    <Cfiiiuvo»u  mnt\  Mirry,} 

more  marked  in  the  aorta  and  its  first  large  branches  than  in  situa- 
tions further  from  the  heart. 

In  actual  values  Chauveau  found  that  the  velocity  in  the  horse's 
carotid  reached  520  mm,  per  second  during  systole ;  it  sank  to  220 
at  the  time  of  the  dicrotic  wave,  and  to  150  during  diastole. 

The  effect  on  the  blood -flow  of  functional  activity  or  vaso-motor 
changes  has  also  been  observed  Thus  Lortet  found  that  the  carotid 
flow  is  five  or  six  times  greater  when  the  horse  is  actively  masticating 
than  when  it  is  at  rest.  After  section  of  the  cervical  sympathetic, 
the  lessening  of  the  peripheral  resistance  raised  the  velocity  from 
540  to  750  mm.  per  second. 

The  Time  of  a  Oomplete  GirculatiOB. 

Among  the  earliest  investigators  of  the  question  how  long  an 
entire  circulation  takes,  was  Hering.  He  injected  a  solution  of 
potassium  ferrocyanide  into  the  central  end  of  a  divided  jugular 
vein,  and  collected  the  blood  either  from  the  other  end  of  the  same 


286 


THK  CIRCULATION   IK  THB   BLOOD-TKSSKLS  [CH.  XXL 


vein,  or  from  the  corresponding  vein  of  the  other  side.  The  sub- 
stance injected  ia  one  that  can  be  readily  detected  by  a  chemical 
test  (the  Prussian  blue  reaction).  Yierordt  improved  this  method 
by  collecting  the  blood  as  it  flowed  out,  in  a  rotating  disc  divided 
into  a  number  of  compartments.  The  blood  was  tested  in  each  com- 
partment, and  the  ferrocyanide  discovered  in  one  which  in  the  case  of 
the  horse  received  the  blood  about  half  a  minute  after  the  Lnjeetion 
had  been  made.  The  experiment  was  performed  in  a  large  number 
of  animals,  and  the  following  were  a  few  of  the  results  obtained : — 


In  the  horse 

»  (log 
„  cat 
„       fowl 


31  seconds, 
16       . 
6-5     „ 

5        „ 


At  firgt  sight  these  numbers  show  no  agreement^  but  in  each  case 
it  was  found  that  the  time  occupied  was  27  heart-beats.  The  dog's 
heart,  for  instance,  beats  twice  as  fast  as  the  horse's,  and  so  the  time 
of  the  entire  circulation  only  occupies  half  as  much  time. 

The  question  has  recently  been  re-investigated  by  Stewart  by 
improved  methods,  which  have  shown  that  the  circulation  time  is 
considerably  less  than  was  found  by  the  researches  of  Hering  and 
Yierordt.  The  great  objection  to  the  older  method  is  the  fact  that 
hemorrhage  is  occurring  throughout  the  eiperimentj  and  this  would 
materially  weaken  the  heart  and  slow  down  the  circulation.  Stewart 
has  employed  two  methods.  In  the  first,  the  carotid  artery  is  exposed, 
and  non-polarisable  electrodes  applied  to  it.  These  are  placed  in 
circuit  with  a  cell,  a  galvanometer  and  one  arm  of  a  Wheatatone's 
bridge.  After  the  resistances  in  the  bridge  have  been  balanced,  and 
the  galvanometer  needle  brought  to  rest,  a  small  quantity  of  strong 
sodium  chloride  solution  is  injected  into  the  opposite  jugular  vein. 
As  soon  as  the  salt  reaches  the  carotid  artery,  the  resistance  of  the 
blood  is  altered,  the  balance  of  the  Wheatstone's  bridge  is  upset,  and 
the  galvanometer  needle  moves.  The  period  between  the  injection 
and  the  awing  of  the  needle  is  accurately  noted. 

The  second  method  used  is  even  simpler,  and  gives  practically  the 
same  results;  a  solution  of  methylene  blue  is  injected  into  the 
jugular  vein.  The  carotid  artery  on  the  opposite  side  is  exposed, 
placed  upon  a  sheet  of  white  paper,  and  strongly  illuminated.  The 
time  is  noted  between  the  injection  and  the  moment  when  the  blue 
colour  is  seen  to  appear  in  the  artery.  Stewart  has  apphed  these 
methods  also  for  determining  the  time  occupied  by  the  passage  of 
blood  through  various  districts  of  the  circulation ;  the  longest  circula- 
tion times  were  found  in  the  kidney,  the  portal  system,  and  the 
lower  limbs,  He  calculates  that  the  total  circulation  time  in  man 
is  about  15  seconds. 
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N'one  of  theee  methods,  however,  give  the  true  time  of  the  entire 
circulation ;  they  give  merely  the  shortest  possible  time  in  which  any 
particle  of  blood  can  travel  through  the  shortest  pathway.  The 
blood  that  travels  in  the  axial  current,  or  which  takes  a  broad  path- 
way through  wide  capillaries,  will  arrive  far  more  speedily  at  ifcs 
destination  than  that  which  creeps  through  tortuous  or  constricted 
The  direet  observations  of  Tigerstedt  on  the  output  of  the 


left  ventricle  show  that  the  circulation  time  of  the  whole  blood  is  at 
least  five  times  as  long  as  the  period  arrived  at  by  the  Hering 
method.  It  is  therefore  fallacious  to  use  the  circulation  times 
arrived  at  by  Heriug's  or  Stewart's  methods  as  a  basis  for  calculating 
the  total  amount  of  the  blood  in  the  body. 


Tlie  Pulse. 

This  is  the  most  characteristic  feature  of  the  arterial  flow.  It  is 
the  response  of  the  arterial  wall  to  the  changes  in  lateral  pressure 
caused  by  each  heart-beat. 

A  physician  usually  feels  the  pulse  in  the  radial  artery,  since  this 
JB  near  the  surface,  and  supported  by  bone.     It  is  a  most  valuable 


Fia.  ^0.— Hftny'ASphyginiigriipli,  tiiCMllfi«d  by  Hfthomed, 


indication  of  the  condition  of  the  patient's  heart  and  vessels.     It  is 
necessary  in  feeling  a  pulse  to  note  the  following  points : — 

L  Ms freqtwhcp ;  that  is  the  number  of  pulse-beats  per  minute* 

This  gives  the  rate  of  the  heart-beats. 
2*  Its  strength ;  whether  it  is  a  strong,  bounding  pulse,  or  a  feeble 
beat;    this    indicates   the  force   with   which   the   heart  is 
beating. 
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3.  Its  refjularity  or  irrtgularity ;  iiTagukrity  may  oceur  owmg  to 
iiT^ular  cardiac  action  either  in  force  or  in  rhythm, 

4  Its  iension ;  that  is  the  force  necessary  to  obliterate  it  This 
gives  an  indication  of  the  state  of  the  arterial  wails  and  the 
peripheral  resistance. 

Ill  disease  there  are  certain  variations  in  the  pulse,  of  which  we 
shall  mention  only  two;  namely,  the  intermUttni  pulse,  An^  to  the 


'hl^ 


Fin .  ffl7.    l>{A|fntin  of  tb«  \mvt  of  tJ»  Sptiygmognph . 

heart  missing  a  beat  every  now  and  then;  and  the  water  kamm~ 
pulse,  due  either  to  aortic  regurgitation  or  to  a  loss  of  elasticity  of 
the  arterial  walls;  either  of  these  circumstances  diminishes  the 
onward  flow  of  blood  during  the  heart's  diastole,  and  thus  the  sudden- 
ness of  the  impact  of  the  blood  on  the  arterial  wall  during  systole  is 
increased.  When  this  condition  is  due  to  arterial  disease,  such  as 
atheroma  or  calcification,  this  sudden  pulse,  combined  with  the 
decreased  extensibility  of  the  arteriea,  may  lead  to  rupture  of  the 


y 
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walls,  and  this  is  especially  serious  ii  it  occurs  in  the  arteries  of  the 
brain  (one  cause  of  apoplexy). 

In  order  to  study  the  pulse  more  fully,  it  is  necessary  to  obtain 
a  graphic  record  of  the  pulse -beat,  and  this  is  accomplished  by  the 
use  of  an  instrument  called  the  sphy^mograph.  This  instrument 
consists  of  a  series  of  levers,  at  one  end  of  wliich  is  a  button  placed 
over  the  artery ;  the  other  end  is  provided  with  a  writing-point  to 
inscribe  the  magnifie<1  record  of  the  arterial  movement  on  a  travelling 
fiurfaca 
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SPHYGMOGRAPHS 


The  mstruments  moat  frequently  used  are  those  of  Marey,  on©  of 
the  numerous  modifications  of  which  is  represented  in  figures  286» 
287*  and  288,  and  of  Dudgeon  (fig,  289> 


Fid,  280.'-Dxiilgaoii*ft  Sphi-ginoi^rapb.    The  dotted  QatUuo  repivKDU  the  pl«A  of  blickene^  pAper  oa 
wnlch  thfl  HphygiDDgnun  h  wrltb&o. 

Each  instrument  is  provided  with  an  arrangement  by  which  the 
preaaure  can  be  adjusted  so  as  to  obtain  the  best  record.  The 
measurement  of  the  pressure  is,  however^  rough,  and  both  instruments 
have  the  disadvantage  of  giving  oacillationa  of  their  own  to  the 
sphygmogram ;  this  is  specially  notice- 
able in  Dudgeon's  sphygmograph. 
But  these  defects  may  be  overcome 
by  the  use  of  some  form  of  sphyg- 
mometer (See  later,  p.  292.)  It  is 
also  important  to  remember  that  the 
pad  or  button  placed  upon  the  artery 
rests  partly  on  the  venae  comites,  so 
that  not  only  arterial  tension  but  any 
turgidity  arising  from  venous  conges- 
tion, will  affect  the  height  and  form 
of  the  aphygmographic  record* 

Fig.  290  represents  a  typical  sphyg- 
mographic  tracing  obtained  from  the  radial  artery.  It  consists  of 
an  upstroke  due  to  the  expansion  of  the  artery,  and  a  downstroke 
due  to  its  retraction.  The  descent  is  more  gradual  than  the  up- 
stroke, because  the  elastic  recoil  acts  more  constantly  and  steadily 

T 


Fio .  <i90.  --Di Agmm  of  puise-trtcing,   a  » up 
iiLrDko ;  B^  dowmtroke ;  c,  pro-dJeroyMa 
wAVfi;  ii,dl(xrotJc;  v,poBt^icrotLcwftyaw1 


TffK  CIBCULATTON  m  THTfi  BLOOD-TE33ELS  [CH.  XXT. 

than  the  heart-beat  On  the  desoent  are  several  secoBdary  (kata- 
erotic)  elevations. 

A  is  the  primary,  or  pmxusnon  wave ;  G  is  the  pm^dwrotw^  or 
tidal  wave;  T>  is  the  dicrotic  wavSj  and  E  the  post-dtcrotic  wave, 
and  of  these  there  may  be  several  In  some  rare  cases  there  is  a 
secondary  wave  on  the  upatroke,  which  is  called  an  ancLcratie  wave 
(Bg.  291). 

These  various  secondary  waves  have  received  different  inter- 
pretations, but  the  best  way  of  explaining  them  is  derived  from 
information  obtained  by  taking  simultaneous  tracings  of  the  pulse, 
aortic  pressure,  apex  beat,  and  inti-aventricular  pressure,  as  in  the 
researches  of  Hiirthle.  By  this  means  it  is  found  that  the  percussion 
ajid  tidal  waves  occur  during  the  systole  of  the  heart,  and  the  other 
waves  during  the  diastole.  The  closure  of  the  aortic  valves  occurs 
just  before  the  dicrotic  wava  The  secondary  waves  on  the  down- 
stroke  other  than  the  dicrotic  are  due  to  the  elastic  tension  of  the 
arteries,  and  are  increased  in  number  when  the  tension  of  the  arteries 


is  greatest.  Seme  of  the  post-dicrotic  waves  are  also  doubtless 
instrumental  in  origin*  The  dicrotic  wave  has  a  different  origin.  It 
was  at  one  time  thought  that  this  wave  was  due  to  a  wave  of  pressure 
reflected  from  the  periphery,  but  this  view  is  at  once  excluded  bj  the 
fact  that  wherever  we  take  the  pulae*tracing,  whether  from  the  aorba, 
carotid,  radial,  dorsalia  piMlis,  or  elsewhere,  this  secondary  elevation 
always  foUows  the  percussion  wave  after  the  same  interval,  showing 
that  it  has  its  origin  in  the  commencement  of  the  arterial  system. 
Moreover,  a  single  pressure- wave  reflected  from  the  periphery  would 
be  impossible,  as  such  a  wave  reflected  from  one  part  would  be  inter- 
fered with  by  those  from  other  parts ;  moreover,  a  dicrotic  elevation 
produced  by  a  pressure-wave  reflected  from  the  periphery,  would  be 
increased  by  Ingh  peripheral  resistance,  and  not  diminished  as  ia 
actually  the  case. 

The  primary  cause  of  the  dicrotic  wave  is  the  closure  of  the  semi- 
lunar valves;  as  already  explained  when  we  were  considering  the 
velocity  pulse  (p.  285),  the  inflow  of  blood  into  the  aorta  suddenly 
ceases,  and  the  blood  is  driven  back  against  the  closed  aortic  doors 
by  the  elastic  recoil  of  the  aorta;  the  wave  rebounds  from  these 
and   is  propagated   through  the  arterial  system    as    the    dicrotic 
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elevation.  The  production  of  the  ilierotic  wave  is  favoured  by  a 
low  blood-pressure  when  the  heart  is  beating  forcibly,  as  in  fever. 
Such  a  pulse  is  called  a  dicrotic  pulse  {hg.  292),  and  the  second  beat 
can  be  easily  felt  by  the  finger  on  the  radial  artery. 

The  percussion  wave  is  pro*iuced  by  the  veutrienlar  systole 
expanding  the  artery.  The  sharp  top  at  its  summit  is  due  to  the 
sudden  upward  spring  of  the  light  lever  of  the  sphygmograph.  If  it 
were  possible  to  obtain  a  true  record 
of  what  really  occurs,  we  should 
doubtless  have  a  tracing  as  shown 
by  the  continuous  line  in  the 
accompanying  figure  (fig,  293),  The 
apex  of  the  tidal  wave,  B,  marks  the  fio,  uo^-njcrutig  puiaiv 

end  of  the  ventricular  systole. 

In  our  study  of  intra-cardiae  pressure,  we  saw  that  the  systolic 
plateau  sometimes  has  an  ascendingp  sometimes  a  descending,  slope 
(see  p,  243) ;  we  now  come  to  the  explanation  of  this  fact.  If  after 
the  first  sudden  rise  of  pressure  in  the  aorta  the  peripheral  resistance 
is  low,  and  the  blood  can  be  driveu  on  from  the  aorta  more  rapidly 
than  it  is  thrown  in,  the  plateau  will  sink.  If,  on  the  other  hand, 
the  peripheral  resistance  is  high,  the  aortic  pressure  will  rise  as  long 
as  the  hlood  is  flowing  in,  and  we  get  an  ascending  systolic  plateau 
and  an  anacrotic  pulse.  Thus  an  anacrotic  pulse 
is  seen  in  Bright's  disease,  where  the  peripheral 
resistance  is  very  high. 

If  a  long  pulse-tracing  is  taken,  the  effect  of 
the  respiration  can  be  seen  causing  an  increase  of 
pressure,  and  a  slight  acceleration  of  the  heart's 
beats  during  inspiration. 

The  main  waves  of  the  pulse  can  he  demon- 
strated without  the  use  of  any  instrument  at  all 
by  ailowiBg  the  blood  to  spurt  from  a  cut  artery 
oo  to  the  surface  of  a  large  sheet  of  white  paper 
We  thug  obtain  wliat  is  very  appropriately  called 
a  hmmantograph  (fig.  294). 

A  distinction  must  be  drawn  between  the  pulse  as  felt  at  any 
one  spot  in  the  coui"se  of  an  artery,  and  the  pulse-wave  which  is 
propagated  throughout  the  arterial  system.  This  wave  of  expansion 
travels  along  the  arteries,  and  is  started  by  the  propulsion  of  the 
contents  of  the  left  ventricle  into  the  already  full  arterial  system. 
The  more  distant  the  artery  from  the  heart,  the  longer  the  interval 
that  elapses  between  the  ventricular  beat  and  the  arrival  of  the 
pulse-waYa  Thus  it  is  felt  in  the  carotid  earlier  than  in  the  radial 
artery,  and  is  still  later  in  the  dorsal  artery  of  the  foot.  The 
difference  of  time  is,  however,  very  slight;  it  is  only  a  niinuto  frac- 
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tioa  of  a  second ;  the  wave  travels  at  the  rate  of  from  5  to  10  metres 
a  second,  that  ia  twenty  to  thirty  times  the  rate  of  the  blood  cuiTent. 

The  RaU  of  Propoffation  of  the  f*tt?#^- n7*f  <«*^The  method  of  iisoertiiining  this 
may  be  ULu^trated  by  the  use  of  a  long^  elastic  tube  into  which  fiuid  is  forced  by 
the  sudden  stroke  of  a  pump.  If  a  series  of  levers  are  placed 
along  the  tut>e  at  measured  distances  those  nearest  the  pump 
will  rise  first,  those  farthest  from  it  ksL  If  these  are  arranged 
to  write  on  a  revolving  cylinder  under  one  another,  this  will 
be  shown  graphically,  and  the  time  interval  between  their 
movements  can  be  measured  by  a  time  tracing.     The  same 

Srinciple  is  applied  to  the  arteries  of  the  body  ;  a  series  of 
larey's  tambours  are  applied  to  the  heart  and  to  various 
arteries  at  known  distames  from  the  heart ;  their  levers  are 
arranged  to  write  immediately  under  one  another*  as  in  fig*  248. 
The  difference  in  time  between  the  commencement  of  their  up- 
strokes is  measured  by  a  time  tracing  in  the  usual  way. 

The  tracing  taken  with  a  Bphygmograph  is  that 
of  the  pressure  pulse ;  we  may  regard  it  as  a  blood- 
pressure  tracing  without  a  base  line.  The  actual 
measurement  of  the  blood-pressure  in  the  human 
subject  cannot  obviously  be  effected  by  the  apparatus 
Fm.  ^M.-HieniaTito-  employed  on  animals,  and  nnmerous  instruments 
0^'ig*St^M^     have  been  invented  for  the  purpose  which  may  be 

applied  to  the  vessels  without  any  dissection. 
These  instruments  are  termed  sphygmometers,  and  the  best  of 
them  are  modifications  of  one  originally  introduced  by  Eiva  Eocci. 
C,  J,  Martin's  pattern  consists  of  a  four-sided  elastic  bag  about  four 
and  a  half  inches  wide,  and  long  enough  to  encircle  the  arm.  It  ia 
wrapped  round  the  arto,  and  outside  of  it  a  cuff  of  strong  canvas  is 
firmly  strapped.  Air  ia  forced  into  the  bag  by  a  tube  leading  from 
a  ball  syringe;  this  tube  is  also  connected  by  a  side  branch  to  a 
mercury  manometer.  As  one  continues  to  pump  and  distend  the 
bag,  the  pulse  beats  are  transmitted  to  tho  mercury  which  is  seen  to 
rise  in  the  manometer  and  oscillate  with  the  pulse  beats,  Aa  the 
pressure  rises  the  oscillations  become  more  pronounced,  and  at  a 
certain  point  they  exhibit  more  a  greater  excursion  than  they  do  at 
any  other  height;  beyond  this  point  of  maximal  pukation,  the 
oscillations  diminish  in  amplitude,  and  as  the  distension  of  the  bag 
is  increased  still  more,  the  pressure  is  at  last  reached,  when  it  is 
sufficient  to  obliterate  the  pulae,  and  the  oscillations  of  the  mercurial 
column  cease,  and  the  pulse  is  no  longer  to  be  felt  at  the  wrist.  The 
pressure  necessary  to  do  this  is  equal  to  the  systolit  pre-isit/re,  and  the 
height  of  the  mercurial  column  should  be  noted  when  the  pulse  just 
disappears.  The  point  of  maximal  pulsation  gives  a  reading  of  the 
diastolic  pressurs.  The  systolic  pressure  is  more  easily  read  than  the 
diastolic  pressure,  for  it  is  by  no  means  easy  to  judge  accurately 
where  the  pulsations  are  greatest.     Moreover,  the  amount  of  systolic 
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pressure  gives  one  more  useful  information  of  the  condition  of  tiie 
cireulation  than  does  the  diastolic  preasuiu 


The  normal  preasiim  in  the  radial  artery  of  healthy  young  adults 
is  110  to  120  mm,  Hg.  It  appears  to  be  as  constant  as  tlie  body 
temixsrature.  In  the  recumbent  posture  the  presaiLre  is  slightly 
lower  than  in  the  erect  position.  This  relation  ia  reversed  in  condi- 
tions  of  exhaustion.  During  muscular  exertion  the  pressure  ia  raised, 
while  in  the  subsequent  period  of  rest  it  is  subnormal.  Mental 
work  raises  the  pressure ;  during  rest  and  sleep  it  is  lowered.  The 
taking  of  food  produces  no  noteworthy  effect.  In  disease  there  are 
naturally  variations  in  different  directions,  and  the  study  of  these 
has  already  yielded  valuable  results. 

The  Capillary  Flow. 

When  the  capillary  circulation  is  examined  in  any  transparent 
part  of  a  living  animal  by  means  of  the  microscope  the  blood  is  seen 
to  flow  with  a  constant  equable  motion ;  the  red  blood -corpuscles 
move  along,  mostly  in  single  file^  and  bend  in  various  ways  to 
accommodate  themselves  to  the  tortuous  course  of  the  capillary,  but 
instantly  recover  their  normal  outline  on  reaching  a  wider  veaael. 

At  the  circumference  of  the  stream  in  the  larger  capillanes,  and 
in  the  small  arteries  and  veins,  there  is  a  layer  of  blood -plasma  in 
contact  with  the  walls  of  the  vessel,  and  adhering  to  them,  which 
moves  more  slowly  than  the  blood  in  the  centre.  Anyone  who  has 
rowed  on  a  river  will   know  that  the   swiftest  current  is  in  the 
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middle  of  the  stream.  The  red  corpuscles  occupy  the  middle  of  the 
stream  and  move  with  comparative  rapidity ;  the  colourless  corpuscles 
run  much  more  slowly  by  the  walls  of  the  vessel ;  while  next  to  the 
wall  there  is  a  transparent  space  in  which  the  fluid  is  at  comparative 
rest  (the  ao-eallod  "  still  layer  ") ;  if  any  of  the  corpuscles  happen  to 
be  forced  within  it,  they  move  more  slowly  than  before,  rolling  lazily 
along  the  side  of  the  vessel,  and  often  adhering  to  its  wali  Some- 
times, when  the  motion  of  the  blood  is  not  strong,  many  of  the  white 
corpuscles  collect  in  a  capillary  vessel,  and  for  a  time  entirely  prevent 
the  piissage  of  the  red  corpuscles. 

When  the  peripheral  resistance  is  greatly  diminished  by  the 
dilatation  of  the  small  arteries,  so  much  blood  passes  on  from  the 
arteries  into  the  capillaries  at  each  stroke  of  the  heart,  that  there  is 
not  sufficient  remaining  in  the  arteries  to  distend  them.  Thus,  the 
intermittent  currant  of  the  ventricular  systole  is  not -converted  into 
a  continuous  stream  by  the  elasticity  of  the  arteries  before  the  capil- 
laries are  reached ;  and  so  intermittency  of  the  flow  occurs  both  in 
capillaries  and  veins,  and  a  pulse  is  produced  there.  The  same  pheno- 
menon may  occur  when  the  arteries  become  rigid  from  disease,  and 
when  the  beat  of  the  heart  is  so  slow  or  so  feeble  that  the  blood  at 
each  cardiac  systole  has  time  to  pass  on  to  the  capillaries  before  the 
next  stroke  occurs ;  the  amount  of  blood  sent  out  at  each  stroke  is 
then  insufficient  to  properly  distend  the  elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence  of  any  transudation 
from  the  interior  of  the  capillaries  into  the  midst  of  the  surrounding 
tissues  was  confined,  in  the  absence  of  injury,  strictly  to  the  fluid 
part  of  the  blood ;  in  other  words,  that  the  corpuscles  could  not 
e3cai*e  from  the  circulating  stream,  unless  the  wall  of  the  containing 
blood-vessel  was  ruptured.  Augustus  Waller  affirmed,  in  1846,  that 
he  had  seen  blood-corpuscles,  both  red  and  white,  pass  bodily  through 
the  wall  of  the  capillary  vessel  in  which  they  were  contained ;  and 
that,  as  no  opening  could  be  seen  before  their  escape,  so  none  could 
be  observed  afterwards— so  rapidly  was  the  part  healed.  But  these 
observations  did  not  attract  much  notice  until  the  phenomenon  was 
rediscovered  by  Cohnhsim  in  1867. 

Cohnheim's  experiment  was  performed  in  the  following  manner : 
A  frog  is  curarised ;  and  the  abdomen  having  been  opened,  a  portion 
of  small  intestine  is  drawn  out,  and  its  transparent  mesentery  spread 
out  under  a  microscopa  After  a  variable  time,  occupied  by  dilatation, 
following  contraction  of  the  minute  vessels  and  accompanying 
quickening  of  the  blood-stream,  there  ensues  a  retardation  of  the 
current,  and  blood-corpuscles  begin  to  make  their  way  through  the 
capillaries  and  small  vessels. 

Diapedssis,  or  emigration  of  the  white  corpuscles,  occurs  to  a  small 
extent  in  health.     But  it  is  much  increased  in  inflammation,  and  may 
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go  on  so  as  to  form  a  largo  collection  of  leucocytes  (iu*  white  cor- 
puscles) outside  the  vessels. 

The  emigration  of  red  corpuscles  is  only  seen  in  inflammation,  and 
is  a  passive  process ;  it  occurs  when  the  holes 
made  by  the  emigrating  leucocytes  do  not  close 
up  immediately,  and    so  the  red  corpuscles 
escape  too. 

The  real  meaning  of  the  process  of  infiam- 
mation  is  a  subject  which  is  being  much  dis- 
cussed now,  but  it  may  be  interesting  to  state 
briefly  the  views  of  Metschnikoff,  who  has  in 
recent  years  been  a  prominent  investigator  of 
the  subject.  Even  if  these  views  do  not  repre- 
sent the  whole  trnth,  it  can  liardly  be  doubted 
that  the  phenomena  described  play  a  very 
important  part  in  the  process,  Metschnikofif 
teaches  that  the  vascular  phenomena  of  inflam* 
mation  have  for  their  object  an  increase  in  the 
emigration  of  leucocytes,  which  have  the  power 
of  devouring  the  irritant  substance,  and  re- 
moving the  tissues  killed  by  the  lesion.  They 
are  therefore  called  phagocytes  (devouring  or 
scavenging  corpuscles).  It  may  be  that  the 
microbic  influence,  or  the  influence  of  the 
chemical  poisons  they  produce,  is  too  powerful 
for  the  leucocytes;  then  they  are  destroyed, 
and  the  dead  leucocytes  become  pus  corpuscles ;  but  if  the  leuco- 

[  cytes  are  successful  in  destroying  the  foreign  body,  micro-organisms, 
and  disintegrated  tissues^  they  disappear,  wandering  back  to  the 
blood-vessels,  and  the  lost  tissue  is  replaced  by  a  regeneration  of 
the  surrounding  tissues.* 

The  circulation  through  the  capillaries  must,  of  necessity,  be 
largely  influenced  by  that  which  occurs  in  the  vessels  on  either  side 
of  them  in  the  arteries  or  the  reins ;  their  intermediate  position 
causes  them  to  feel  at  once  any  alteration  in  the  size,  rate,  or  pres- 

,  sure  of  the  arterial,  and  more  especially  of  the  venous  bloo<l -stream. 

^The  apparent  contraction  of  the  capillarioBj  on  the  application  of 
certain  irritating  substances,  and  during  fear,  and  their  dilatation  in 
blushing,  may  be  referred  primarily  to  the  action  of  the  small  arteries. 

The  Venous  Flo^vp, 

The  blood-current  in  the  veins  is  maintained  primarily  by  the 
\mA  a  Urgo,  that  is,  the  force  behind,  which  is  the  blood-pressure 

•  This  quc.stioTi  is  t'losely  relflled  to  Ihat  of  immuriLtyt  which  \%  discussed  in  the 
duipter  oti  the  Bliiod  (Chaptet  XXVI). 


Fio.  29fi.— A  large  capillary 
mjui  the  frog's  ii]i>38entary 
i^tgtit  lioura  arttif  Irdta- 
Uoii  hud  bcM^D  m^  up, 
ihowln^  umigratitm  of 
luQCDCytaB.  it,  QbIIj  in 
tJbe  ACt  of  trmveniiug  tb<s 
capillary  wall ;  &,  Bcmin 
already  Cflcap^d,     (J'rery,) 
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traBsmitted  from  the  heart  and  arteries;  but  very  effectual  assist- 
ance to  the  flow  is  afforded  by  the  action  of  the  muscles  capable  of 
pressing  on  the  veins  with  valves,  as  well  as  by  the  suction  action 
of  the  heart,  and  the  aspiratory  action  of  the  thorax  {vis  a 
frantc). 

The  effect  of  muscular  pressure  upon  the  circulation  may  be  thus 
explained,  Whea  pressure  is  applied  to  any  part  of  a  vein  and  the 
current  of  blood  in  it  is  obstructed,  the  portion  behind  the  seat  of 
pressure  becomes  swollen  and  distended  as  far  back  as  the  next  pair 
of  valves,  which  are  in  consequence  closed  (fig.  230,  b,  p.  220),  Thus, 
whatever  force  is  exercised  by  the  pressure  of  the  muscles  on  the 
veins,  is  distributed  partly  in  pressing  the  blood  onwards  in  the 
proper  course  of  the  circulation,  and  partly  in  pressing  it  backwards 
and  closing  the  valves  behind. 

The  circulation  might  lose  as  much  as  it  gains  by  such  an  action, 
if  it  were  not  for  the  numerous  communications  which  the  veins  make 
with  one  another ;  through  these,  the  closing  up  of  the  venous 
channel  by  the  backward  pressure  is  prevented  from  being  any  serious 
hindrance  to  the  circulation,  since  the  blood,  the  onward  course  of 
which  is  arrested  by  the  closed  valves,  can  at  once  pass  through 
some  anastomosing  channel,  and  proceed  on  its  way  by  another 
vein*  Thus,  the  effect  of  muscular  pressure  upon  veins  which  have 
valveiS,  is  turned  almost  entirely  to  the  advantage  of  the  circxila- 
tion. 

In  the  web  of  the  bat's  wing,  the  veins  are  furnished  with  valves, 
and  jiossess  the  remarkable  property  of  rhythmical  contraction  and 
dilatation,  whereby  the  current  of  blood  within  them  is  distinctly 
accelerated  (Wharton  J  ones).  The  contraction  occurs,  on  an  average, 
about  ten  times  in  a  minute ;  the  existence  of  valves  prevents  regur- 
gitation, so  the  entire  effect  of  the  con  tractions  is  auxiliary  to  the 
onward  current  of  blood.  Analogous  phenomena  have  been  observed 
in  other  animals. 

A  venous  pulse  is  observed  under  the  conditions  previously 
described  (p.  294),  when  the  arterioles  are  dilated  so  that  the  arterial 
pulse  passes  through  the  capillarieB  to  the  veins, 

A  venous  pulse  is  also  seen  in  the  superior  and  inferior  vena 
cava  near  to  their  entrance  into  the  heart ;  this  corresponds  to  varia- 
tions of  the  pressure  in  the  right  auricle.  When  the  ventricle  is  con- 
tracting there  is  a  slow  rise  due  to  the  fact  that  the  blood  cannot  get 
into  the  ventricle,  and  so  distends  the  auricle;  a  second  short,  sharp 
elevation  of  pressure  is  produced  by  the  auricular  systola  Altera- 
tions of  venous  pressure  are  also  produced  in  the  great  veins  by  the 
respiratory  movements,  the  pressure  sinking  during  inspiration,  and 
rising  during  expiration. 
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The  Vaso-Motor  Nervous  System. 

The  vaBo-motor  nervous  Bjstem  consiBts  of  the  vaso-motor  centre 
situated  in  the  bulb,  of  certain  Bubsidiary  vaao-motor  centres  in  the 
spinal  cord,  and  of  vaso-motor  nervee,  which  are  of  two  kinds — (a) 
thoBe  the  stimulation  of  which  causes  constriction  of  the  vessels; 
these  are  called  vaso-coftstrictor  nerves ;  (6)  those  the  stimulation  of 
which  causes  dilatation  of  the  veasels ;  these  are  called  vaso-dilcUor 
nerves. 

The  following  names  are  associated  with  the  history  of  the  subject 
The  muscular  structure  of  arteries  was  first  described  by  Henle  in 
1841;  in  1852  Brown  S^quard  made  a  study  of  the  vaso-constrictor, 
or,  as  he  termed  them,  tonic  nerves.  The  vaso-motor  centra  was  dis- 
covered bj  Schiflf  (1855),  and  more  accurately  localised  by  Ludwig 
(1871).  The  dilator  nerves  were  also  discovered  by  Schiff;  at  first 
they  were  termed  paretic  nerves.  Other  names  which  must  be 
m^Titioned  in  connection  with  the  subject  are  those  of  Claude  Bernard, 
Heidenhain,  and,  in  more  recent  years,  Gaskellp  Langley,  and  Eamon 
y  Cajal. 

The  nerves  supply  the  muscular  tissue  in  the  walls  of  the  blood- 
I vessels  aud  regulate  their  cahbre,  but  exert  their  most  important 
action  in  the  vessels  which  contain  relatively  the  greatest  amount  of 
muscular  tissue,  namely,  the  small  arteries  or  arterioles. 

Under  ordinary  circumstances,  the  arterioles  are  maintained  in 
a  state  of  moderate  or  tonic  contraction,  and  this  constitutes  the 
peripheral  resistance,  the  use  of  which  is  to  keep  up  the  arterial 
pressure,  which  must  be  high  enough  to  force  the  blood  through  the 
capillaries  and  veins  in  a  continuous  stream  back  to  the  hoiirt 

Another  function  which  is  served  by  this  muscular  tissue  is  to 

ilate  the  amount  of  blood  which  flows  through  the  capillaries  of 
any  organ  in  proportion  to  its  needs.  During  digestion,  for  instance, 
it  is  necessary  that  the  digestive  organs  should  be  supplied  with  a 
iige  quantity  of  blood:  for  this  purpose  the  arterioles  of  the 
iplanchnic  area  are  relaxed,  and  there  is  a  vast  amount  of  blood  in  this 
area,  and  therefore  a  correspondingly  small  amount  in  other  areas,  such 

the  skin ;  this  accounts  for  the  sensation  of  chilUness  experienced 
Paf ter  a  full  meal  The  skin  vessels  form  another  good  example ;  one 
of  the  most  important  uses  of  the  skin  is  to  get  rid  of  the  heat  of 
the  body  in  such  a  way  that  the  body  tempera tiu:e  shall  remain 
constant  j  when  excess  of  heat  is  produced  there  is  also  an  increase 
in  the  loss  of  heat;  the  skin  vessels  are  then  dilated,  and  so  more 
blood  is  exposed  on  the  surface,  and  thus  an  increase  in  the  radiation 
of  heat  from  the  surface  is  brought  al>out.  On  the  other  hand,  when 
it  is  necessary  that  the  heat  produced  shoidd  be  kept  in  the  body, 
the  loss  of  heat  is  diminished  by  a  constriction  of  the  skin  vesselSi 
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m  in  cold  weather.  The  alteration  of  the  calibre  of  the  vessels  is 
brought  about  by  the  action  of  the  vaao-motor  nervous  system  on 
the  museukr  tissue  of  the  arterioles. 

There  are  certain  organs  of  the  body  in  which  the  necessity  for 
Alterations  in  their  blood-8upply  does  not  exist.  Such  organs  are 
the  longa  and  the  brain.  It  is  in  the  vessels  of  these  organs  that  the 
inHiiaiiee  of  vaao-motor  nerves  is  at  a  minimum.  The  pulmonary 
veiseln  are  stated  by  Bradford  and  Dean  to  be  supplied  by  nerves 
which  leave  the  cord  in  the  upper  thoracic  region ;  but  on  stimulating 
these  the  rise  of  pressure  produced  ia  extremely  small;  it  is  very 
doubtful  if  the  fibres  in  question  are  really  vaso-constrictora;  the 
imall  rise  observed  may  be  partly  or  even  wholly  due  to  the  accelera- 
tion of  the  h^rt,  which  is  another  result  of  stimulating  these  nerve- 
rooti. 

The  voMo-moior  centre  lies  in  the  grey  matter  of  the  floor  of  the 
fotirth  ventricle;  it  is  a  few  millimetres  in  length,  reaching  from  the 
upper  part  of  the  floor  to  within  about  4  mm.  of  the  calamus  serip- 
toriu».  The  position  of  this  centre  has  been  discovered  by  the 
following  means:  when  it  is  destroyed  the  tone  of  the  amaU  vessels 
ij*  no  longer  kept  up,  and  in  consequence  there  is  a  great  and  universal 
fall  in  arti^rial  blood-pressure;  when  it  is  stimulated  there  is  an 
imirefiHO  in  the  constriction  of  the  arterioles  all  over  the  body,  and 
therofore  a  riie  of  arterial  blood-pressure*  Its  upper  and  lower 
lirniu  have  been  accurately  determined  in  the  following  way:  a  series 
ut  ituii  rials  is  taken,  and  the  central  nervous  system  divided  in  a 
tlifl'nroiii  i^laoo  in  each ;  the  cerebrum  and  cerebellum  may  be  cut 
of!'  wilJioiit  affV*cting  blood -pressure,  the  vaso-motor  centre  must 
tlnirivrurn  l>e  bolnw  these;  if  the  section  is  made  just  above  the 
uuHlrdJjt,  ttu>  IjluHtl-jirasaure  still  remains  highland  it  is  not  till  the 
iippwr  limit  of  tho  centre  is  passed  that  the  blood-pressure  falls. 
SimiliU'ly,  iu  aunther  soriGs  of  animals,  if  the  cervical  cord  is  cut 
through,  iiml  l.hti  animal  kept  alive  by  artificial  respiration,  there  is 
ftn  tvmuuiuus  fall  u(  proHsure  due  to  the  influence  of  the  centre  being 
rttiuovtHl  frmii  the  vcsatils;  in  other  experiments  the  section  is  made 
higher  iAud  hi^lior,  ant  I  the  same  result  noted,  imtil  at  last  the  lower 
bittit  ol  the  mniw  ih  pfisacd,  and  the  fall  of  pressure  is  less  and  less 
IWfaid  the  hii^her  one  goes  there,  until  in  the  animal  in  which  the 
imtJDii  m  !HftfW  at  the  upper  bomidary  of  the  centre  the  blood- 
fHwiio  i»  &c4  aflbeted  at  all  and  the  centre  can  be  influenced 
^*^riy  \^  ^  stimulation  of  afferent  nerves,  the  pressor  and 
^PMt  Wv^  whioh  we  shall  be  considering  immediately. 

'^■^v^tlba^Mtructit.m  of  the  vaso-motor  centre  in  the  bulb,  there 

^^^  ^yimma.    U  the  animal  is  kept  alive,  the  vessels  after  a 

^^  ^i*i  ifeM-  loH^  and  ih©  arterial  presstire  rises ;  it  rises  stQl 

lltt  QOilml  end  of  a  sensory  nerve;  this  is  due 
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to  the  existence  of  subsidiary  vaso-motor  centree  in  the  spinal  cord ; 
fur  on  the  aubsequent  destruction  of  the  spina!  cord  the  va^sels  again 
lose  their  tone  and  the  blood-pressure  amks. 

The  vaso-motor  path  is  down  the  lateral  column  of  the  spinal 
cord,  and  the  fibres  terminate  by  arborising  around  the  cells  in  the 
grey  matter  of  the  subsidiary  vaso-motor  centres,  the  anatomical 
position  of  which  is  uncertain,  though  it  is  probably  in  the  cells  of 
tiie  intermedio-lateral  tract  From  these  cells  fresh  axis-cylinder 
processes  originate,  which  pass  out  as  the  small  medullated  nerve- 
Ebres  in  the  anterior  roots  of  the  spinal  nerves. 

The  vaso-constrictor  nerves  for  the  whole  body  leave  the  spinal 
cord  by  the  anterior  roots  of  the  spinal  nerves  from  the  second 
thoracic  to  the  second  lumbarj  both  inclusive.  They  leave  the  roots 
by  the  white  rami  commimicantes,  and  pass  into  the  gangha  of  the 
sympathetic  chain,  which  lies  on  each  side  along  the  front  of  the 
vertebral  column.  The  ganglia  on  this  chain  (the  lateral  ganglia  of 
Gaskell)  may  also  be  called  the  chain  of  vaso-motor  ganglia,  because 
here  are  situated  cell  stations  on  the  course  of  the  vaso-conBtrictor 
nerves  for  the  head,  trunk  and  limbs.  That  is  to  say,  the  small 
medullated  nerve-fibres  terminate  by  arborising  around  the  cells  of 
these  ganglia,  and  a  fresh  relay  of  axis-cylinder  processes  from  these 
cells  carry  on  the  impulses. 

The  next  figure  (fig,  297)  represents  diagrammatically  how  this 
occurs.     The  sheaths  of  the  fibres  are  not  represented* 

The  cell  station  of  any  particular  fibre  is  not  necessarily  situated 
ill  the  first  ganglion  to  which  it  passes ;  the  fibres  of  the  white  ramus 
communicans  of  the  second  thoracic  do  not,  for  instance,  all  have  their 
cell  stations  in  the  corresponding  thoracic  ganglion,  but  may  pass 
upwards  or  downwards  in  the  chain  to  a  more  or  less  distant  ganglion 
before  they  terminate  by  arborising  around  a  cell  or  eel  la 

The  vaso -cons  trie  tor  nerves,  however,  have  all  ceH  stations  some- 
where in  the  sympathetic  system,  and  the  new  axis-cylinders  that 
arise  from  the  cells  of  the  ganglia  differ  from  those  which  terminate 
there  in  the  circumstance  that  tney  do  not  possess  a  medullary  sheath, 
but  they  are  pale,  grey,  or  non-medullated  fibres.  Those  wliich  are 
destined  for  the  supply  of  the  vessels  of  the  head  and  neck  pass  into 
the  ganglion  stellatum  or  first  thoracic  ganglion,  thence  through  the 
annul  us  of  Vieusseus  to  the  inferior  cervical  ganglion,  and  thence 
along  the  sympathetic  trunk  to  their  destination.  Their  cell  station 
is  in  the  superior  cervical  ganglion. 

Those  for  the  body  wall  and  limbs  pass  back  from  the  sympathetic 
ganglia  to  the  spinal  nerves  by  the  grey  rami  commuuicantes,  and  are 
distributed  with  the  other  spinal  nerve- fibres.  The  cell  stations  for 
the  upfior  limb  fibres  are  in  the  ganglion  stellatimi,  and  for  the  lower 
limb  fibres  in  the  lower  lumbar  and  upper  sacral  ganglia. 


I 


I 
I 


raft  cmcuLAtioH  be  tMr  blood-tessels         tcH,  xxi. 

Those  for  the  interior  of  the  bodj  pass  into  the  various  plexuaes 
of  Bympathetic  nerves  in  the  thorax  and  abdomen,  and  are  distributed 
to  the  vessels  of  the  thoracic  and  abdominal  viscera.     This  set  includes 


Wm,  SVT.— Tnunvsnw  section  thrQugh  bilT  tb«  ■pLoitl  coird,  ihowlng  Lh«  gmigliiL.  A»  mieriiir  comuiil 
c«11«;  B|  ud«-cyllmi«TproGe»orone  of  thfliegoltij;  to  pOHterlor  root;  C,  ant^rtor (motor) ixiot ;  U, 
fiOMtflrlor (MiiiBory)  root;  B,  spioAl  gBngUoa  on  ponteHfir  t^t ;  F^  Mj-miJAtboUc  ganglion ;  O,  r«mij» 
C43iziinunlciini;  U,  postftriOF  Miucb  of  Bpintl  nftnre;  1,  %ti%6rioT  branch  of  &p\hA\  Mrv»;  a,  loniir 
I'olUite-nilB  from  panterlor  rtjot  Hbre«  roacblng  to  «Dt<>rlDr  horn ;  fj»  nhotl  coUnteralfl  fmssing  ta 
Clarks'a  Cjulmiin ;  V^  cfi]l  io  Q^^rk's  column  aendtng  fto  nxJPH^ylfnder  id)  proodu  to  thn  dir^i^t  txtv- 
bel]ftr  tract ;  f»  tlbre  of  tbti  Koterlor  foot;  /,  ■.lis^yllnder  l^m  aympfttbatlt:  gan^lJciti  celU  dlvldJji^ 
into  two  branchQa,  one  Uy  tbe  periphery,  tbe  otiier  towmrds  thfl  cora ;  (7^  Hbre  of  the  ant<frtor  root 
t^rnibiatiiig  by  m  Arboriution  tn  the  lymp&Uietle  ^nglion  -  ii|  BylBpatbAtio  tlbro  pstsiing  to  part> 
pbftry.    (lUmon  y  Ot^al.) 

the  moat  important  vaso-motor  nerves  of  the  body,  the  splanchnica 
Their  cell  stations  are  situated  in  the  various  ganglia  of  the  abdominal 
plexuseB. 

The  va&o-dUatoT  nerves  in  part  accompany  those  just  described, 
bnt  they  are  not  limited  to  the  outflow  from  the  second  thoracic  to 
the  second  lumbar.  Thus,  the  nervi  erigentes  originate  as  white 
rami  communicanles  from  the  second  and  third  sacral  nerves,  and 
the  chorda  tympanic  another  good  example  of  a  vaao-dilator  nerve, 
is  a  branch  of  the  seventh  cranial  uerve.  Bayliss  has  also  shown 
that  the  posterior  root  fibres  may  act  as  vaso-dilatorg  (see  p,  303), 

All  vaso-motor  nerveSi  whether  they  are  constrictor  or  dilator, 
differ  very  markedly  from  the  spinal  nerve-fibres  which  are  distri- 
buted to  voluntary  muscles  in  being  ganglionated ;  that  is,  in  having 
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cell  stationa  or  poaitioiis  of  relay  on  their  course  from  the  central 
nervous  system  to  the  muscular  fibres  they  supply. 

The  existence  of  cell  stations  between  the  central  nervous 
system  and  the  muscular  fibres  is  not  confined  to  the  nerves  of 
hlood'vesselfl,  but  is  found  also  in  the  nerves  which  supply  the 
heart  and  other  viscera. 

Moreover,  the  nerves  which  supply  the  voluntary  muscles  are 
motor  in  function;  inhibitory  fibres  to  the  voluntary  muscles  of 
vertebrates  do  not  exist.  But  in  the  case  of  the  involuntary  muscles 
there  are  usually  the  two  sets  of  nerve-fibres  with  opposite 
functions. 

In  the  case  of  the  heart,  we  have  an  accelerator  set  which  course 
through  the  sympathetic^  and  an  inhibitory  set  which  course  through 
the  vagus. 

In  the  case  of  the  vessels,  we  have  an  accelerator  set,  which  we 
have  hitheirto  called  vaso-constrictore,  and  an  inhibitory  set  we  have 
been  calling  vaso-dilators. 

In  the  case  of  the  other  contractile  viscera,  we  have  also  viscero- 
accelerator  and  viscero-inhibitory,  which  respectively  hasten  and 
lessen  their  peristaltic  movements. 

Adopting  Gaskeirs  nomenclature,  we  may  further  term  the 
accelerator  groups  of  nerves  haSaboiic,  as  they  increase  the  activity 
of  the  muscles  they  supply,  bringing  about  an  increase  of  wear  and 
tear,  and  an  increase  in  the  discharge  of  waste  material.  The 
inhibitory  nerves,  on  the  other  hand,  are  anaholie^  as  they  produce  a 
condition  of  rest  in  the  tissues  they  supply,  and  so  give  an  oppor- 
tunity for  repair  or  constructive  metaboUsm. 

The  distribution  of  the  vaso-raotor  nerves  and  the  viscero-motor 
nerves  has  been  within  recent  years  very  thoroughly  worked  out 
by  Langley.  The  nerves  of  the  various  viscera  we  shall  take  with 
the  individual  organs.  In  all  these  cases,  there  is  a  cell  station 
somewhere  in  the  sympathetic  syBtem,  and  only  one  for  each  nerve - 
fibra  The  pregaTtglwhic  fibres  {i.s.,  the  fibres  from  the  spinal  cord  to 
the  sympathetic  cell  station)  are  usually  medullated ;  the  postgang- 
lionic jU^res  (itf„  those  that  leave  the  ganghon)  are  usually  non- 
medullated.  But  this  histological  distinction,  so  much  emphasised 
by  Gaskelli  is  not  without  exceptions,  and  the  locahsation  of  ceO 
stations  is  made  with  far  greater  certainty  by  Langley's  nicotine 
method.  Nicotine  in  small  doses  paralyses  nerve-cells,*  but  not 
nerve-fibres;  if  the  drug  is  injected  into  an  animal,  stimulation  of 
the  anterior  nerve-roota  produces  no  movements  of  the  involuntary 

*  II  is  stm  a  matter  of  uncertainty  whethar  this  drug  a^-ts  upon  the  nerve-cells 
themselves,  or  the  termmal  arborisatioiis  (synapses)  of  the  nerve-iibres  that 
surround  them.  Before  the  paralytic  eifect  of  nieotliie  com^  on,  it  esicitea  the 
nerveK!eU^,  and  thus  in  the  case  of  the  blcKid- vessels  causes  a  general  cotistHctioii 
of  the  arterioles  and  »  rise  of  arterial  pr^suren. 
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musclos,  because  the  paralysed  cell  stations  on  the  course  of  the 
nerve-fibres  act  as  blocks  to  the  propagation  of  the  impulses.  If  the 
nicotine  is  appIieJ  locally  by  painting  it  over  one  or  more  ganglia, 
there  will  be  a  block  in  those  fibres  only  which  have  their  cell 
stations  in  those  particular  ganglia.  Thus,  in  the  lateral  chain  of 
ganglia  we  find  the  cells  on  the  course  of  the  pilo-motor  nerves  (ic,, 
to  the  muscles  of  the  hairs),  of  the  vaso-couBtrictors  uf  the  head, 
limbs,  and  body  walls,  and  possibly  of  the  splenic  nerves.  In  the  col- 
lateral ganglia  (i.ff.,  ccaliac,  mesenteric,  etc.)  are  found,  amongst  othere, 
the  cells  on  the  course  of  the  splanchnic  nerves,  of  the  nerves  to 
sweat  glands,  of  the  cardiac  accelerators,  and  of  the  inhibitory 
fibres  of  the  alimentary  canal ;  while  in  the  terminal  ganglia  are 
placed,  among  others^  the  cells  on  the  course  of  the  cardiac  inhibi- 
tory nerves,  of  the  motor  fibres  to  the  lower  part  of  the  intestine 
and  bladder,  and  of  the  ishibitory  fibres  to  the  external  genital 
organs. 

We  may  now  ask  what  is  the  object  that  is  served  by  the  existence  of  ganglia 
on  the  course  of  tht-sc  nerves.  It  appears  to  be  a  means  nf  distribnting  tierve- 
fibres  to  a  vast  area  of  muscular  tissue  by  means  of  a  comparatively  small  number 
of  iierve-ftbres  that  leave  the  central  nervous  system  ;  for  eaeh  fibre  that  I^ves  the 
central  nervous  system  arborises  around  a  numtier  of  fells,  and  thus  the  impuliie  it 
carries  is  transferred  to  a  large  number  of  new  axis-eylinder  processes. 

In  some  cases,  it  is  true,  a  single  nerve-fibre  will  divide  into  multitudinous 
branches  to  accomplish  the  same  object  (as  in  the  supply  of  the  elettric  organ  of 
MaUpterumSt  the  nbres  to  the  millions  of  its  subdivisions  all  orl^nating  from  a 
single  axis-cylinder),  but  the  usual  way  appears  tohtti  coinbitiatlon  of  this  method  ^ 
witn  that  of  subsidiary  cell-stations. 

At  one  time  a  ganglion  was  supposed  to  be  the  norraal  centre  for  reflex  action. 
The  submaxillary  ganglion  was  the  battle-field  in  which  this  question  was  fought 
out  in  Claud  Bernard  s  time.  In  the  later  researches  of  I^ngley  and  Anderson, 
the  only  instances  where  such  a  thing  seemed  possible  were  the  following  :— When 
all  the  nervous  connections  of  the  inferior  mesenteric  ^nglion  are  divided  eiccept 
the  hypogastric  nerves,  stimulation  of  the  central  end  of  one  hypogastric  causes 
contraction  of  the  bladder*  the  efferent  path  to  which  is  the  other  hypogastrie 
nerve.  In  addition^  they  observed  an  apparent  reflex  excitation  of  the  nerve  sup- 
plying the  erector  muscles  of  the  hairs  (pilo-motor  nerves)  through  other  sympa- 
thetic ganglia.  In  neither  case  is  the  action  truly  reflex ^  but  is  caused  by  the 
stimulation  of  the  central  ends  of  molor-flbres  which  issue  from  the  spinal  cord* 
and  which  after  passing  through  the  ganglion  send  branches  down  eat- h  hypogastrie 
nerve.     The  experiment  is  in  fact  similar  to  Kilhne's  gracilis  experiment  (p.  173). 

It  certainly  is  the  ciise  that  under  normal  circumstances^  tlie  centres  foi  reflex 
action  are  in  the  central  nervous  system.  But  there  do  appear  to  l>e  some  condl* 
tions  in  which  it  is  possible  for  ganglia  to  assume  this  function*  The  recovery 
of  yaso-motrvr  tone,  and  of  tone  in  certain  viscera  atter  destruction  of  extensive 
tracts  of  the  spinal  cord,  or  the  persistent'e  of  peristaltic  action  in  the  intestine 
after  cutting  through  all  its  nerves,  are  cases  in  point.  (See  further*  under 
Intestinal  MovtMuents*  ami  Spinal  Visceral  Keflex es). 

The  observations  of  W,  M»  Bayliss  on  the  vaso-diliitnr  nerves  of  dogs  are  of 
considerable  interest  He  could  find  no  vaso-dilator  fibres  to  the  hind  limb  in  the 
abdominal  sympathetic  chain ;  but  tlic  only  fibres  excitation  of  which  produced 
vascular  dilatation  there,  htc  contained  in  the  posterior  roots.  He  also  found  fibres 
in  the  posterior  root^^  of  the  12th  and  13th  thoracic  nerves,  which  act  as  vaso-dilators 
of  the  small  intestine*  Not  only  is  vaso-dilatation  the  result  of  mechanicai,  electri- 
cal, or  thermal  stimulation  of  these  rootSt  but  experiments  are  adduced  which  show 
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that  in  QormiU  ref1cxeB«  stich  as  occur  when  tJie  depressor  iier\''e  is  stimulatx-d,  the 

diktor  impulses  travel  by  the  same  route.  ThL?  raiaes  the  quest i on  whether  the 
posterior  rtK>U  rontiiin  true  efferent  fibres.  The  frtcts  of  dc|feaeration  show  that 
they  do  not-  BaylLss  is  therefore  driven  to  the  conclusion  that  the  same  nerve 
terrainations  in  the  periphery  serve  both  to  take  tip  sensory  impressions,  and  to 
convey  inhibitory  itnpulsea  to  the  must  ular  structures  in  which  they  end.  In  other 
words,  we  have  here  another  example  which  may  be  added  to  those  previously 
mentioned  (p.  173),  that  nerve-fihrea  may  convey  impulses  in  both  directions.  The 
term  nntuiromif*  is  used  by  Bayliss  to  express  the  fa*.-!  that  impulses  may  travel  in 
the  reverse  direction  to  that  in  whicli  they  usually  pass. 

The  Vaso-motor  centre  can  be  excited  directly,  as  by  indue- 
tion  currents;  the  result  is  an  increase  of  arterial  blood-pressure 
owing  to  an  increase  of  the  contraction  of  the  peripheral  arterioles. 

It  can  also  be  excited  by  the  action  of  p&isons  in  the  blood  which 
circulates  through  it ;  thus,  strophanthua  or  digitalis  causes  a  marked 
rise  of  general  arterial  pressure  due  to  the  constriction  of  the  peri- 
pheral vessels  brought  about  by  impulses  froui  the  centre. 

It  is  also  excited  by  venous  blood,  as  in  asphyscia;  the  rise  of 
blood-presaure  which  occurs  during  the  first  part  of  asphyxia  is  due 
to  constriction  of  peripheral  vessels;  the  fall  during  the  last  stage  of 
asphyxia  is  largely  due  to  heart  failure.  We  shajl  study  asphyxia 
more  at  length  in  connection  with  respiration*  During  the  period  of 
decreased  pressure,  waves  are  often  observed  on  the  blood-pressure 
curve  which  arise  from  a  slow  rhythmic  action  of  the  vaso-motor 
centre*  The  centre  alternately  sends  out  stronger  and  weaker  con- 
strictor impulses.  They  are  known  as  the  TravheSering  waves,  and 
are  much  slower  in  their  rhythm  than  the  waves  on  the  tracing 
which  are  due  to  respiration.  They  are  not  peculiar  to  asphyxia,  but 
are  frequently  seen  in  tracings  from  normal  animala  Fig.  298 
represents  a  tracing  obtained  from  a  dog  under  the  influence  of 
an  ansesthetic.  This  tracing  shows  the  three  sets  of  waves,  first  the 
oscillations  due  to  the  heart-beats,  next  in  size  those  due  to  the 
respiratory  movements,  which  in  their  turn  are  superposed  on  the 
prolonged  Traulie-Hering  waves. 

The  Vasomotor  centre  may  Ibe  excited  reflexly. — The  afferent 
impulses  to  the  vaso-motor  centre  may  be  divided  into  preaaor  and 
depressor. 

Most  sensory  nerves  are  pressor  nerves.  The  sciatic  or  the  vagus 
nerves  may  be  taken  as  instances;  when  they  are  divided  and  their 
central  ends  stimulated,  the  result  is  a  rise  of  blood-pressure  due  to 
the  stimulation  of  the  vaso-motor  centre,  and  a  consequent  constric- 
tion of  the  arterioles  all  over  the  body,  but  especially  in  the 
splanchnic  area.  Fig.  299  shows  the  result  of  such  an  experimentp 
It  is  necessary  in  performing  such  an  experiment  to  administer  curare 
as  well  as  an  anaesthetic  to  the  animal,  in  order  to  obviate  reflex 
muscular  struggles,  which  would  themselves  produce  a  rise  in  arterial 
pressure. 


tB  «  cat  under  th«s  JaiUi- 
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Many  senaory  nerves  also  contam  c^pr^sor  fibres  which  produce 

the  opposite  effect  The  moat  marked  bundle  of  these  is  known  as 
the^  cUpresser  ti^rm.  In  most  animals  this  is  bound  up  in  the  trunk 
of  the  vagus ;  but  in  some,  like  the  rabbit,  eat,  and  horse,  the  nerve 
runs  up  as  a  separate  branch  from  the  heart  (or,  according  to  some 
recent  observations,  from  the  commencement  of  the  aorta),  and  joins 
the  vagus  or  its  superior  laryngeal  branch,  and  ultimately  reaches  the 
vaao-motor  centra  When  this  nerve  is  stimulated  (the  vagi  having 
been  previously  di%dded  to  prevent  reflex  inhibition  of  the  heart),  a 
nmrked  fall  of  arterial  blood -pressure  is  produced  (see  fig.  300). 
Stimidation  of  this  nerve  affects  the  vaso-motor  centre  in  such  a  way 
that  the  normal  constrictor  impuleea  that  pass  down  the  vaso-con- 
strictor  nerves  are  inhibited.  The  fall  of  pressure  is  very  slight  after 
section  of  the  splanchnic  nerves,  showing  that  the  splanchnic  area  is 
the  part  of  the  body  most  affected.  The  normal  function  of  this 
nerve  is  to  adapt  the  peripheral  resistance  to  the  heart's  action :  if 
the  constriction  of  the  arterioles  is  too  high  for  the  heart  to  overcome, 
an  impulse  by  this  nerve  to  the  vaso-motor  centre  produces  reflexly 
a  lessening  of  the  peripheral  resistance. 

N.B,— The  terra  depressor  should  be  carefully  dls tin jipislied  from  inhibitoiyi 
stimulation  of  the  peripheral  end  of  the  vagus  produces  a  tnM  of  blood-pressure  due 
to  inhibition  (slowing  or  stoppage)  of  the  heart  (see  figs.  277  and  278) ;  stimulation 
ai  tlic  central  end  of  the  depressor  nerve  produces  a  lowering  of  biood-pressitre  for 
A  different  reason,  nanieL>%  a  reflex  relaxation  of  the  splanchnic  arterioles. 

Bxperlments  on  Vaso-motor  aer^ea — ^The  experiments  on  the 
vasQ-mofcor  nerves  are  similar  to  those  performed  on  other  ner%^eB 
when  one  wishes  to  ascertain  their  functions*  They  consist  of 
eactioQ  and  excitation. 

Section  of  a  vaso-eons  trie  tor  ner\'@,  such  as  the  splanchnic,  causes 
a  loss  of  normal  arterial  tone,  and  consequently  the  part  supplied  by 
the  nerve  becomes  flushed  with  blood.  Stimulation  of  the  peripheral 
end  causes  the  vessels  to  contract  and  the  part  to  become  compara* 
tively  pale  and  bloodless.  This  can  be  very  readily  demonstrated  on 
the  ear  of  the  rabbit.  This  is  a  classical  experiment  associated  with 
the  name  of  Claude  Bernard.  Division  of  the  cervical  sympathetic 
produces  an  increased  redness  of  the  side  of  the  head,  and  looking  at 
the  ear,  the  transparency  of  which  enables  oue  to  follow  the  phenomena 
easily,  the  central  artery  with  its  branches  is  s^n  to  become  larger, 
and  many  small  branches  not  previously  visible  come  into  view.  The 
ear  feels  hotter,  though  this  effect  aoon  passes  off  as  the  exposure  of  a 
large  quantity  of  blood  to  the  air  causes  a  rapid  loss  of  heat.  On 
stimulating  the  peripheral  end  of  the  cut  nerve,  the  ear  resumes  ita 
normal  condition,  and  then  becomes  paler  than  usual  owing  to  exces- 
sive constriction  of  the  vessels* 

The  first  part  of  the  experiment,  the  dilatation  following  section, 
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thB  erectile  tissue  of  the  perns,  etc.,  and  of  the  lingual  nerve  to  the 
vesseld  of  the  tongue. 

It  is,  however,  probable  that  all  the  vessels  of  the  body  receive 
both  constrictor  and  dilator  nerves.  But  the  presence  of  the  latter 
ia  difficult  to  determine  unless  they  are  present  in  excess;  if  they 
are  not,  stimulation  affects  the  constrictors  most.  The  effect  of 
section  is  also  inconclusive ;  for  if  a  mixed  nerve  is  cut,  the  oDly  effect 
observed  is  a  dilatation  due  to  removal  of  the  tonic  constrictor  influence. 

To  solve  this  difficult  problem,  three  methods  are  in  use : — 

1.  The  msthod  of  d^ensTaiwn.- — If  the  sciatic  nerve  is  cut,  the 
vessels  of  the  limb  dilate.  This  passes  off  in  a  day  or  two.  If  the 
peripheral  end  of  the  nerve  is  then  stiiuulated,  the  vessels  are  dilated, 
as  the  constrictor  fibres  degenerate  earliest,  and  so  one  gets  a  result 
due  to  the  stimulation  of  the  still  intact  dilator  fibres. 

2.  Hie  method  of  slowly  interrupted  shocks.— li  a  mijced  nerve  is 
stimulated  with  the  usual  rapidly  interrupted  faradic  current,  the 
effect  is  constriction ;  but  if  the  induction  shocks  are  sent  in  at  long 
intervals  (e,g.,  at  intervals  of  a  second),  vasoniilator  effects  are 
obtained.  This  can  be  readily  demonstrated  on  the  kidney  vessels 
by  stiinidatiou  of  the  anterior  root  of  the  eleventh  thoracic  nerve  in 
the  two  ways  just  indicated. 

By  studying  the  rate  of  flow  of  the  blood  through  the  submaxillary 
gland,  in  which  the  vaso-cons  trie  tor  and  dilator  fibres  run  separate 
courses,  it  has  been  shown  that  if  both  sets  of  fibres  are  simultane- 
ously excited,  constriction  is  produced  during  the  stimulation,  while 
marked  dilatation  follows  after  the  stimulation  has  ceased.  Excitation 
of  the  constrictors  alone  is  not  followed  by  dilatation.  These  results 
explain  the  mode  of  action  of  slowly  interrupted  shocks,  for  with  each 
there  will  only  be  a  very  sUght  constriction,  while  the  dilator  effects 
which  run  a  much  slower  course  will  be  summed  up  to  produce  a 
marked  effect. 

3.  The  infiuenm  of  imtperaiure. — Exposure  to  a  low  temperature 
depresses  the  constrictors  more  than  the  dilators.  If  the  leg  is 
placed  in  ice-cold* water,  stimulation  of  the  sciatic,  even  if  it  has  only 
been  recently  divided,  produces  a  flushing  of  the  skin  with  bloodt 

Plethysm  og^raphy  * 

The  action  of  vaso-motor  nerves  can  be  studied  iu  another  way 
than  by  the  use  of  various  forms  of  manometer,  which  is  the  only 
method  we  have  considered  so  far.  The  second  method,  which  is 
often  used  together  with  the  manometer,  consists  in  the  use  of  an 
inetrumetit  which  records  variations  in  the  volume  of  any  limb,  or 
organ  of  an  animal.  Such  an  instrument  is  called  a  plethyBCiograpli, 
,  One  of  these  instruments  applied  to  the  human  arm  is  shown  in  the 
Dompanying  figure  (fig.  301). 
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Every  time  the  arm  expands  with  every  hmrfc'e  systole,  a  little 
of  the  fluid  in  the  plethjsmograph  is  expeOed  and  raises  the  lever. 
Variations  in  volume  due  to  respiration  are  also  seen  in  the  tracing. 
An  air  plethysmograph  connected  to  a  sensitive  recorder  gives  equally 
good  results, 

The  same  inatrument  in  a  modified  form  applied  to  such  organs 
aa  the  spleen  and  kidney  is  generally  called  an  oncometer,  and  the 
roeording  part  of  the  apparatus,  the  oncograph.  These  instruments 
we  owe  to  Eoy,  and  the  next  two  figures  represent  respectively 
sections  of  the  kidney  oncometer  and  oncograph. 

An  oncometer  consists  of  a  metal  capsule,  of  shape  suitable  to 
enclose  the  organ:  its  two  halves  are  jointed  together,  and  fit 
accurately  except  at  one  opening  which  is  left  for  the  vessels  of  the 
organ.     A  delicate  membrane  is  attached  to  the  rim  of  each  half,  the 


Fto.  aOl,— FletbyAinogiitjih.  Uy  mtMiu^  q\  thb  i{j;>Aratu«,  th«  Altt^rmtioii  tn  volume  of  the  ami,  i:}  which 
En  findoaed  In  m  g1«A{i  tub«^  a,  mJed  vrith  finUi,  thn  apfynliig  throtjHh  whic!]]  It  [xuHOi  beiug  Umily 
ekMwi  t^  ■  thick  ^ttii^'perchK  burifl^r,  Is  qomm unlcat^  tu  the  Itiver,  n^&nt]  legliter^d  b^  ft recordtdg 
iip[»r«ttiB»  The  ftuid  In  a  eiiiirirnuiilc&teij.  with  that  in  it,  the  upper  limit  of  which  ia  above  Lhat  la 
A«  The  chief  alteratiatid  iu  volume  ai^  dnm  to  alteration  in  tha  cuood  contained  in  the  ana.  Wh^n 
the  rolume  is  lncreib8«d»  Huld  paaa&i  out  of  ih^  glasa  cylltidu;,  and  the  levfir,  n,  alao  in  imiwdf  aiui 
when  a  dQ<:p)»afi  tahea  phice  the  lltild  ffltuftiB  again  rn>m  )i  to  a.  H  will  thet«foTfi  be  AVldflut  lh«t 
the'  apparattui  la  capabitt  of  roeordlog  altfliBtiouM  of  tha  v'oluiui}  of  blood  lii  th«  arto, 

flpace  between  which  and  the  metal  is  filled  with  warm  oiL  The 
tube  from  the  oncometer  is  connected  to  the  oil-containing  cavity  of 
the  oncograph  by  a  tube  also  containiiig  oiL  An  increase  iu  the 
volume  of  the  organ  squeezes  the  oil  out  of  the  oncometer  into  the 
oncograph,  and  so  produces  a  rise  of  tho  oncograph  piston  and  lever  j 
a  contraction  of  the  organ  producea  a  fall  of  the  lever. 

Very  good  results  are  obtained  by  using  saline  solution  instead  of 
oil;  and  Sehafer  has  shown  in  connection  with  the  spleen  that  a 
spleen  box  of  simple  shape  covered  with  a  glass  plate,  made  air-tight 
with  vaseline,  and  communicating  by  a  tube  with  a  Marey's  tambour, 
gives  a  far  more  delicate  record  of  the  splenic  alterations  uf  volume 
than  the  oil  oncometer,  Simihir  air  oncometers  are  now  used  in  the 
investigation  of  many  organs. 
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nerve  rapidly,  there  is  a  alight  riso  of  arterial  pressure,  but  a  large 
fall  of  the  oncograph  lever,  showing  that  the  kidney  has  diminislied 
in  volume.  It  is  evident  that  there  must  be  an  active  contraction  of 
the  arterioles  of  the  kidney,  causing  it  to  diminish  in  size,  for  the 
blood^pressure  tracing  (which  is  taken  as  a  control  to  be  sure  the 
changes  are  nut  otherwise  produced)  shows  that  there  is  no  failure  of 
the  heart's  activity  to  account  for  it. 

We  shall  return  to  the  subject  of  the  oncometer  in  connection 
with  the  spleen  and  the  kidney,  We  may,  however,  say  in  passing 
what  a  very  important  experiraental  method  plethysmography  is 
becoming.  Since  the  introduction  of  air  oncometers,  the  method  is 
remarkably  easy  to  apply,  and  it  is  now  part  of  the  routine  practice 
of  physiologists,  when  they  are  investigating  the  action  of  a  drug, 
or  of  a  nerve,  on  any  organ,  to  record  its  volume  changes  by  the 
plethysmographic  method.  Thus,  the  salivary  glands,  lobes  of  the 
liver  or  lung,  the  hmbs,  the  kidney,  spleen,  a  coil  of  intestine,  etc*, 
can  all  be  easily  enclosed  in  an  appropriately  shaped  gutta-percha 
box,  covered  with  a  glass  plate  made  air-tight  with  vaseline.  There 
are  always  two  openings  to  such  a  box,  one  to  allow  the  vessels  and 
nerves  to  enter  (leakage  of  air  around  these  is  prevented  by  packing 
with  cotton -wool  soaked  in  vaseline);  the  other  opening  is  filled  up 
with  a  piece  of  glass  tubing  which  is  connected  by  an  indiarubber 
tube  to  the  recording  apparatus.  The  most  delicate  of  the  volume 
recorders  is  the  bellows-recorder  of  Broclie  (see  p,  152)  and  the 
piston  recorder  of  Hilrtlile ;  a  Marey's  tambour  is  not  so  sensitive, 
and,  moreover,  it  is  a  recorder  of  pressure  rather  than  of  volume  only. 

Of  all  the  oncometers,  I  am  inclined  to  beheve  that  the  intestinal 
oncometer  is  the  most  instructive,  because  the  coil  of  intestine  under 
observation  gives  a  truer  record  of  what  is  occurring  in  that  important 
area  called  the  exjla^nchnic  area,  than  any  other  abdominal  organ. 

Fathologloal  Conditions, 

The  vaao-motor  nervous  system  is  influenced  to  some  extent  by 
conditions  of  the  cerebrum,  some  emotions,  such  as  fear,  causing 
pallor  (vaso-constriction),  and  others  causing  blushing  (vaso- 
dilatation). 

It  is  almost  impossible  to  over-estimate  the  importance  of  the 
study  of  vaso-motor  phenomena  as  a  means  of  explaining  certain 
pathological  conditions;  our  knowledge  of  the  processes  concerned 
in  inflammation  is  a  case  in  point. 

Disorders  of  the  vessels  due  to  vaso-motor  disturbances  are 
generally  called  anffio-nmrmes.  Of  these  we  may  mention  the 
following  t — 

Tache  drebrals  is  due  te  abnormal  sensitiveness  of  the  vascular 
nerves ;  drawing  the  finger-nail  across  the  akin  causes  an  immediate 
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^  wheal,  or  at  least  a  red' mark  that  lasts  a  considerable  time.  At  ono 
time  this  was  considered  characteristic  of  affections  of  the  cerebral 
meninges  like  tubercidar  meningitis,  and  was  consequently  called  the 
*'  meningeal  streak/*  It,  however,  occurs  in  a  variety  of  pathological 
conditions  of  the  nervous  system,  both  cerebral  and  spinal 

In  certain  conditions  which  lead  to  angina  pmtoru  the  pain  in 
the  heart  is  in  part  due  to  its  being  unable  to  overcome  an  immense 
peripheral  r^istance^  and  the  condition  is  relieved  by  the  adminis- 
tration of  drugs  like  amyl-nitrite  or  nitro-glycerin,  which  relax  the 
vesaels  and  causa  universal  blushing. 

Raynaud's  disiOM  is  one  in  which  there  is  a  localised  constriction 
of  the  vessels  which  is  so  effectual  as  to  entirely  cut  off  the  blood 
supply  to  the  capillary  areas  beyond,  and  if  this  lasts  any  considerable 
time  may  lead  to  gangrene  of  the  parts  in  question. 


liOoaJ  PacuharltioB  of  the  OlreuLatlon. 

The  most  remarkable  peculiarities  attending  the  em^ulation  of  blood  through 
differcDt  organs  are  obsen'cd  in  the  cases  of  the  hrain,  ereclih  or*?an#,  lunffs,  /«V*r* 
ipU^n,  and  Hdnff^t. 

in  thfi  Bruin. — Thehrain  must  always  be  supplied  with  blood,  for  otherwise  im» 
mediate  loss  of  consciousness  wou(d  foUow.  Hence,  to  reader  accidental  oblitera- 
tion almost  impossible,  four  larpe  arteries  are  supplied  to  the  brain,  and  these  anas- 
tomose together  in  the  circle  of  Willis.  The  two  vertebral  arteries  are,  moreover* 
protected  in  bony  canals.  Two  of  the  brain  arteries  can  be  tied  in  monkeys,  and 
three  or  even  all  four  in  dogs^  without  the  production  of  serious  syniptonis.  In  the 
last  case  enough  blood  reach  e.s  the  bra  in  by  branches  from  the  superinr  intercostal 
arteries  to  the  anterior  spinal  artery.  The  sudden  obliteration  of  one  carotid  artery 
in  man  may  in  some  eases  produce  epileptiform  spaifins ;  the  sudden  occlusion  of 
both  occasions  loss  of  consciousness.  Uniformity  of  supply  is  further  ensured  by 
the  arrangement  of  the  vessels  in  the  pia  mater,  in  which,  previous  to  their  distribu- 
tion to  the  substance  of  the  brain,  the  large  arteries  break  up  and  divide  into 
ianumerable  minute  branches  ending  in  capillaries,  which,  after  frequent  communi- 
cation with  one  another,  enter  the  brain  and  carry  into  nearly  every  part  of  it  uni- 
form and  equable  streams  of  blood.  The  arteries  arc  enveloped  in  a  special 
lymphatic  sheath.  The  arrangement  of  the  %"eins  within  the  cranium  is  also  peculiar. 
The  iarge  venous  trunks  or  sinuses  are  formed  so  as  to  be  scarcely  capable  or  change 
of  siie ;  and  composed,  as  they  are,  of  the  tough  tissue  of  tlie  dura  mater,  and+  in 
some  instances,  liounded  on  one  side  by  the  bony^  cranium,  they  are  not  compres- 
sible by  any  force  which  the  fulness  of  the  arteries  might  exercise  through  the  sul>- 
stancc  of  the  brain  ;  nor  do  they  admit  of  distension  when  the  f!ow  of  venous  blood 
from  the  brain  is  obstructed.  No  valves  arc  placed  between  the  vertebral  veins  and 
the  Tcna  cava ;  the  vertebral  veins  anastomose  with  the  cerebral  sinuses.  Hence  on 
squeexing  the  thorax  and  abdomen,  venous  blood  can  t>e  pressed  from  those 
parts  out  of  any  opening  made  into  the  longitudinal  sinus.  Expiration  acts  in  the 
iame  way  ;  it  raises  the  cerebral  venous  pressure  ;  if  the  skull  wall  is  defective  the 
brain  expands  owing  to  the  distension  of  its  capillaries  during  the  expiratory  act* 
The  exposed  brain  ^so  exjiands  with  each  systole  of  the  heart*  Owing  to  the  fact 
that  the  brain  lies  enclosed  in  the  cranium,  the  arterial  pulse  is  transmitted  through 
the  brain  substance  to  the  cerebral  veinsi  and  so  the  blood  issues  from  these  in  pulses. 

Since  the  brain  is  enclosed  in  the  rigid  cranium  the  volume  of  blood  in  the 
cerebral  vessels  cannot  alter  unlcas  the  volume  of  the  other  cranial  contents  altera  in 
the  opposite  sense. 

These  conditions  of  the  brain  and  skull  led  Monro  and  KcUie  many  years  ago 
to  advance  the  opinion  that  the  quantity  of  blood  in  the  brain  must  be  the  same  at 
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all  times.     This  do^^trinG  has  been  fraquentJy  disputed,  and  many  have  advanced 

the  theory  that  increase  or  dinnnution  of  the  bicjoa  is  accompanied  with  simultane- 
ous dlminittion  or  increase  of  the  ccrebro-spinal  fluid,  so  that  the  contents  of  the 
craniuni  ate  kept  uniform  in  volume.  But  the  recent  work  of  I^oBard  Hili  has 
shown  that  the  Monro-Kellie  doctrine  is  in  the  main  true.  Histological  evidence 
has  recently  been  obtained  of  the  existence  of  nerve  plexuses  round  the  piai 
arteries.  The  arteries  are  nmseular,  and  the  nerves  therefore  are  most  probably 
vasti^motor  in  function*  Experimental  evidence  so  far,  however,  has  not  estab- 
lished that  the  action  of  these  nerves  is  a  marked  one*  ;  the  cerebral  eiteulation 
passively  follows  the  slightest  changes  in  aortic  and,  more  es|*ecialiy,  vena  cava 
pressure,  and  no  active  vaso-motor  change  has  been  conclusively  proved.  The 
velocity  of  blood -flow  throug-h  the  brain  is  thus  influenced  nmrke'dly  by  the  con- 
dition of  the  vessels  of  the  splanchnic  area.  If  the  tone  of  the  skeletal  muscles  and 
that  of  the  vessels  be  suddenly  inhibited  by  fear,  or  temporarily  destroyed  by  shock, 
the  blood  will  drop  owing  to  its  weight  into  the  dilated  and  supported  vessels  in  the 
most  dependent  parts  of  the  body.  The  flow  of  blood  through  the  brain  will,  under 
these  conditions,  cease,  that  is  to  say*  so  long  as  the  body  is  in  the  erect  posture, 
ThuSt  to  restore  a  fainting  person  the  head  must  Ijc  lowered  l>etween  the  knees. 
Muscular  exercise,  by  returniii|j  blood  to  the  heart  from  Ute  veins  of  the  lower  parts 
of  the  body,  conduces  to  the  maintenance  of  an  efficient  cerebral  circulation. 

It  is  not  the  volume  of  the  blood  but  the  velocity  of  flow  which  is  altered  In 
the  brain  by  changes  In  the  general  circulation.  The  brain  with  its  circulating 
blood  almost  entirely  fills  the  cranial  cavity  in  the  living  animal ;  that  is,  there  is 
no  more  eerebro-spinal  fluid  there  than  is  sufficient  to  moisten  the  membranes. 
Cerebro-spinal  fluid  escapes  into  the  veins  at  any  pressure  aliove  the  cerebral 
venous  pressure  ;  the  tension  of  this  fluid  and  the  pressure  in  the  veins  are  therefore 
always  the  same.  The  fluid  probably  transudes  from  the  vascukr  fringes  of  the 
choroid  plexuses  in  the  ventricles  of  the  brain,  and  is  absorbed  by  the  pial  veins. 
There  is  not  enough  of  this  absorbable  fluid  present  to  allow  of  more  than  a  slight 
increase  of  the  volume  of  blood  in  the  bmin.  If  the  aortic  pressure  rises  and  the 
vena  cava  pressure  remains  constant  the  conditions  in  the  brain  are  as  follows  : — 
More  blood  in  the  arteries » less  in  the  veins,  increased  velocity  of  flow. 
While  if  the  aortic  pressure  remains  constant  and  the  vena  cava  pressure  rises, 
the  conditions  are  :^ 

l.^ss  blood  in  the  arteries,  more  in  the  veins,  diminished  velocity  of  flow. 
The  brain  presses  against  the  cranial  widl  with  a  pressure  equal  to  that  in  the 
cerebral  capillaries,  A  foreign  body  introduced  witnin  the  cranium,  such  as  a 
biood-clot  or  depressed  bone,  produces  local  aneamia  of  the  brain,  by  occupying  the 
room  of  the  blood«  So  soon  as  the  capillaries  are  thus  obliterated  the  pressure  is 
raised  to  arterial  presi^ure.  This  local  increase  of  cerebral  tension  cannot  be  trans- 
mitted by  the  eerebro-spinal  fluid,  because  this  fluid  can  never  l>e  rebiined  in  the 
meningeal  spaces  at  a  tension  higher  than  that  of  the  cerebral  veins,  but  is 
J m mediate ty  re-absorl>ed.  The  anatomical  arrangements  of  the  tentorium  cerebelli 
and  the  falciform  ligaments  are  such  as  to  largely  prevent  the  transmission  through 
the  braju-suhstance  of  a  local  increase  of  pressure.  There  is  complete  pressure 
discontinuity  Ijetween  the  cranial  and  vertebral  cavities.  The  serious  results  that 
follow  cerebral  compression  are  primarily  due  to  obliteration  of  the  blood- vessels i 
and  conseijuent  anaemia  of  the  brain,  A  very  small  foreign  body  will,  if  situated 
in  the  region  of  the  bulb,  produce  the  gravest  symptoms.  For  tne  centres  which 
control  the  vascular  and  respiratory  systems  are  rendered  anremic  thereby.  The 
cerebral  hemispheres  may,  on  the  other  hand,  tie  compressed  to  a  large  extent 
without  causing  a  fatal  result  The  major  symptoms  of  compression  arise  as  soon 
as  any  local  increase  of  pressure  is  tmnsmittcd  to  the  bulb  and  causes  anaemia 
there. 

In  EreeliU  Stntctitrfs^^-The  instances  of  greatest  variation  in  the  quantity  of 
blood  contained,  at  different  times,  in  the  same  organs,  are  found  in  certain 


'  The  only  oxpetitiiKsiital  dvidenc^  yet  Adduced  u  to  the  faDctiQttnl  AcUrity  of  theBe  tierrvB  t»  eoQ- 
t«lned  in  tbio  work  of  Fsrridr  and  Bimie.  Tti«j  perfbud  d«0brtii«t^  blcKHl  tbroagh  i  recantly  excised 
brmln,  mad  found  bh«t  the  addition  of  idrsDAUn  to  tlie  blood  ftlirayt  t>rodao«d  ocmitrlotloii  of  tba  vaaaeU 
Bt^il  «  lessmiAd  blctod  dow. 
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stitietures  which,  under  onjioaiy  ciitninistaiices.  arc  soft  and  flact^d,  but,  at  c^ertain 
times,  receive  an  uniLsuallj  large  miMitity  of  bloody  become  distended  and  swaUen 
by  it,  and  pass  into  the  state  whicn  has  been  termed  erettion.  Such  stnic-tur^  am 
the  fforpora  rar*m*)$a  and  rorpm*  MjMm^ianim  of  the  iiefUS  iD  the  male^  and  the 
tdi&rU  in  the  female  ;  and^  to  a  leas  d^i^ee,  tlie  nippU  of  the  mammary  gland  in 
both  sexes.  The  corpus  caveinosiim  penis,  which  is  the  best  exaiupSe  of  an  erectile 
slraetufe,  has  an  external  fibrous  membrane  or  sheath  ;  and  from  the  inner  surface 
of  the  latter  &re  prolonged  numerous  fine  tametlse  which  divide  its  eairity  into  small 
compartments.  Within  th«se  is  sitnated  the  pleaius  of  veins  upon  which  the 
peculiar  erectile  property  of  the  organ  mainly  depends.  It  consists  of  short  veius 
which  verj^  closely  mtcrlace  and  anastomose  witn  ewh  other  in  all  direct]on«»  and 
admit  of  ^reat  variations  of  size,  collapNing  in  the  passive  state  of  the  oigan»  hot 
capable  of  an  amount  of  dilatation  which  exceeds  beyond  comparison  that  of  the 
arteries  and  veins  which  cooTcy  the  blood  to  and  from  them.  The  strong  fibrous 
tissue  lying  in  the  interrmls  of  the  vcnoos  plexuses,  and  the  external  fibrous 
membrane  or  sheath  with  which  it  is  eonneeted,  limit  the  distension  of  the  vessels, 
and  during  the  state  of  erection,  give  to  the  penis  its  condition  of  tension  and  firm- 
ness. The  same  general  condition  of  Tiesseis  exists  in  the  corpus  spongiosum 
urethrse,  but  around  the  urethra  the  fibrous  tissue  is  much  weaker  than  around  the 
bf»dy  of  the  penis,  and  around  the  glans  there  is  none*  The  venous  blood  is 
returned  from  the  plexuses  by  comparatively  f^mall  veins.  For  aO  these  veins  one 
condition  is  the  same  ;  namely,  that  they  are  liable  to  the  pressure  of  muscles  when 
they  leave  the  penis.  The  muscles  chiefly  concerned  in  this  action  are  the  erector 
penis  and  accelerator  urins.  Erection  results  front  the  distension  of  the  venous 
plejiuses  with  blood.  The  principal  exciting  cause  in  the  erection  of  the  penis  is 
nervous  irritation,  originating  in  the  part  itself,  and  derived  reflexly  from  the  brain 
and  spinal  rnrd.  The  nervous  influence  is  communicated  to  the  penis  by  the  pudic 
nerve"*,  which  ramify  in  its  vascidar  tissue ;  and  after  their  division  the  penis  is 
no  longer  capable  of  erection. 

Erection  is  not  complete,  nor  maintained  for  any  time  except  when,  together 
with  the  infiiix  of  blood,  the  muscles  mentioned  contract,  and  by  compressing  the 
veins*  stop  the  efflux  of  blood,  or  prevent  it  ^om  being  as  great  as  the  infiux, 

Th*  eirr»!<ilkin  in  thtf  Lun^,  Lir#r,  Spteitn  ami  Kidneys  will  be  described  in  OUT 
study  of  those  organs. 
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As  the  blood  circulates  through  the  capillary  blood-vessela,  some  of 
its  liquid  conatituenta  exude  through  the  thin  walls  of  these  veasels, 
carrying  nutriment  to  the  tissue  elemeuts.  This  exudation  is  called 
lymph;  it  receives  from  the  tissues  the  products  of  their  activity, 
and  is  collected  by  the  lymph  channels,  which  converge  to  the  thoracic 
duct — the  main  l3TnphatiG  vessel^-and  thus  the  lymph  once  more 
re-einters  the  blood-stream  near  to  the  entrance  of  the  large  systemic 
veins  into  the  right  auricle. 

Lymph  is  a  fluid,  which  cornea  into  much  more  intimate  relation- 
ship  with  metabolic  processes  in  the  tissues  than  the  blood ;  in  fact, 
there  is  only  one  situation— the  spleen — where  the  blood  comes  into 
actual  contact  with  the  elements — that  is,  cells,  fibres,  etc. — of  a 
tissue, 

Oomposltlon  of  Lymph, 

Lymph  is  alkaline;  its  specific  gravity  is  about  1015,  and  after 
it  leaves  the  vessels  it  elotSi  forming  a  colourless  coagulum  of  fibrin. 
It  is  like  blood-plasma  in  composition,  only  diluted  so  far  as  its 
protein  constituents  are  concerned.  This  is  due  to  the  fact  that 
proteins  do  not  pass  readUy  through  membranes.  The  proteins 
present  are  called  Jibrinogen,  serum  globulin,  and  serum  albumin; 
these  we  shall  study  with  the  blood-plasma.  The  salts  are  Bimilar 
to  those  of  blood-plasma,  and  are  present  in  the  same  proportions. 
The  waste  products,  like  carbonic  acid  and  urea,  are  more  abun- 
dant in  lymph  than  in  blood.  The  amount  of  solids  dissolved  in 
lymph  is  about  6  per  cent.,  more  than  half  of  whkh  is  protein  in 
nature. 

When  examined  with  the  microscope  the  transparent  lymph  is 
found  to  contain  colourless  corpuscles,  which  are  called  lympkocytts ; 
these  are  cells  with  large  nuclei  and  comparatively  little  protoplasm. 
They  pass  with  the  lymph  into  the  blood,  where  they  imdergo 
growth,  and  become  converted  into  certain  varieties  of  Imcoeytes. 
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All  the  lymphatics  pass  at  some  point  of  their  coiiree  througb 
lymphatic  glands,  whieh  are  the  factories  of  these  corpuscles,  L)in- 
phoajtes  afio  pass  into  the  lymph  stream  wherever  lymphoid  tissue 
liB  found,  as  in  the  tonsils,  thymus,  Matpighian  bodies  of  the  spleen^ 
Peyer^s  patches,  and  the  solitary  glands  of  the  intestine.  The  lymph 
that  leaves  these  tissues  is  richer  in  lymph-celk  than  that  which 
enters  them. 

Whan  lymph  is  collected  from  the  thoracic  duct  after  a  meal 
eoDtainiBg  fat,  it  is  found  to  be  milky.  This  is  due  to  the  presence 
in  the  lymph  of  minutely  subdiyided  fat  particles  absorbed  from  the 
interior  of  the  alimentary  canal  The  lymph  is  then  called  ch^ti. 
The  fat  particles  constitute  what  used  to  be  called  the  molemiar  basis 
of  chyle.  If  the  abdomen  is  opened  during  the  process  of  fat  absorp- 
tioD,  the  lymphatics  are  seen  as  white  lines,  due  to  their  containing 
this  milky  fluid.    They  are  consequently  called  ImtmlSn 

The  structure  and  arrangement  of  the  lymphatic  vessels  are  given 
in  Chapter  XVIII.,  and  we  have  now  to  study  the  structure  of 


The  Xjymphatlc  Qlands. 

Lymphatic  glands  are  round  or  oval  bodies  varying  in  size  from 
a  hemp-seed  to  a  bean,  interposed  in  the  course  of  the  Ijinphatic 
vessels,  and  through  which  the  lymph  passes  in  its  course  to  be  dis- 
charged into  the  blood-vessels.  They  are  found  in  great  nnmliers  in 
the  mesentery  J  and  along  the  great 
vessels  of  the  abdomen,  thorax,  and 
neck;  in  the  axilla  and  groin;  a 
few  in  the  popliteal  space,  but  not 
further  down  the  leg,  and  in  the 
arm  as  far  as  the  elbow. 

A  lymphatic  gland  is  covered 
externally  by  a  capsule  of  con- 
nective-tissue, generally  containing 
some   unstriped    muscle.      At  the  ~df 

inner  side  of  the  gland,  which  is 
somewhat  concave  (hiius\  (fig.  304), 
the  capsule  sends  inwards  processes 
called  traheculm  in  which  the  blood- 
vessels are  contained,  and  these  join  with  other  processes  prolonged 
from  the  inner  surface  of  the  part  of  the  capsule  covering  the 
convex  or  outer  part  of  the  gland ;  they  have  a  structure  similar 
to  that  of  the  capsule,  and  entering  the  gland  from  all  sides,  and 
freely  communicating,  form  a  fibrous  scafifolding.  The  interior  of  the 
gland  is  seen  on  section >  even  when  examined  with  the  naked  eye,  to 
be  made  up  of  two  parts,  an  outer  or  corticcd,  which  is  light  coloured^ 


the  QX,  sBgJitly  ciAgiiniofJ,  ft»  Htltis;  ft  (In 
LbA  ceDtr&l  t>&rt  of  tbo  ngure),  mjedulUrjr 
■ubfttanc« ;  r^  cortical  Mubatuice  wlUi  lindin* 
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and  an  inner  or  medidlary  portion  of  redder  appearance  (figs.  304, 
305).  In  the  outer  part,  or  cortex,  of  the  gland  (tig.  306),  the 
intervals  between  the  trabeculae  are  large  and  regular;  they  are 
termed  alveoli;  whilst  in  the  more  central  or  medullary  part  is  a 
finer  meshwork  formed  by  an  irregular  anastomoaia  of  the  trabecular 
procesaea.  Witliin  the  alveoli  of  the  cortex  and  in  the  meahwork 
formed  by  the  trabeculse  in  the  medulla,  is  contamed  lymphoid 
tissue;  this  occupies  the  central  part  of  each  alveolus;  but  at  the 
periphery,  surrounding  the  central  portion  and  immediately  next  the 
capsule  and  trabeculse,  is  a  more  open  meshwork  of  retiform  tissue 
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ooTtJckl  »ub«t*nc«;  Uh.,  IvmpboM  t^tune  i  i.i„  lymph-p&tti  *,  e,,  Qbrons  cnptiilfl  sending  in  trabeculm 
itt  Into  tbft  flutHtuce  of  tbe  gl&ud,    (Slit-i-pej.) 

constituting  the  lymph-path,  and  containing  but  few  lymph-corpuflcles. 
At  the  inner  part  of  the  alveolus,  the  central  mass  divides  into  two 
or  more  smaller  rounded  or  cord -like  masses  which,  joining  with 
those  from  the  other  alveoli,  form  a  much  closer  arrangement  than 
in  the  cortex ;  spaces  (fig.  306,  b)  are  left  within  those  anastomosing 
cords,  in  which  are  found  portions  of  the  trabecular  meshwork  and 
the  continuation  of  the  lymph-path. 

The  lymph  enters  the  gland  by  several  aflferent  vessels,  which 
pierce  the  capsule  and  open  into  the  lymph-path ;  at  the  same  time 
they  lay  aside  all  their  coats  except  the  endothelial  hning,  which  is 
continuous  with  the  lining  of  the  lyraph-path.  The  efferent  vessels 
begin  in  the  medullary  part  of  the  gland,  and  are  continuous  with 
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the  Ijmph-path  here  as  the  afiarent  vessels  are  with  the  cortical 
portioiL 

The  efferent  vessels  leave  the  gland  at  the  hilus,  and  either  at 
once,  or  very  soon  after,  join  together  to  form  a  single  vessel 

Blood-veasels  which  enter  and  leave  the  gland  at  the  hilus  are 
freely  distributed   to  the  trabe- 
ciilar  and  lymphoid  tissues. 

The  Lymph  Flow, 

The  flow  of  the  lymph  towards 
the  point  of  its  discharge  into  the 
veins  is  brought  about  by  several 
agencies.  With  the  help  of  the 
valvidar  mechanism  all  occasional 
pressure  on  the  exterior  of  the 
lymphatic  and  lacteal  vessels  pro- 
j>els  the  l)T3aph  onward;  thus 
muscular  and  other  external 
pressure  accelerates  the  flow  of 
the  lymph  as  it  does  that  of  the 
blood  in  the  veins.  The  action 
of  the  muscular  fibres  of  the 
small  intestine,  and  the  layer  of 
unstriped  muscle  present  in  each 
intestinal  villus,  assist  in  propel- 
ling the  chyle ;  in  the  small  in-  vm.  soti 
testine  of  a  mouse,  the  chyle  has 
been  seen  moving  with  intermit- 
tent propulsions  that  correspond 
with  the  peristaltic  movements 
of  the  intestine.  But,  for  the 
general  propulsion  of  the  lymph 
and  chyle,  it  is  probable  that,  together  with  the  vis  a  tergo  resulting 
from  external  pressure,  some  of  the  forca  is  derived  from  the  con- 
tractility of  the  vessel's  own  walls.  The  respiratory  movements, 
also,  favour  the  current  of  lymph  through  the  thoracic  duct  as  they 
do  the  current  of  blood  in  the  thoracic  veina 

LFmpli'Hearts.— In  amphiblit,  reptiles  and  some  birdsH^an  Importuitt  aiocituiry 
to  the  movement  of  the  iyniph  and  ehyJe  is  supplied  in  certain  m  use  iilar  snt'S,  named 
lymph-kmrts^  m\A  W  has  been  shown  thai  the  caudal  heart  of  the  eel  is  a  lymph- 
heart  al^.  The  number  and  positians  of  these  oi^ns  vary.  In  frogs  and  toiid^f 
there  arc  usually  four,  two  anteriar  and  two  posterior*  Into  eaeh  of  these  csviHes 
Aeveral  lymphatics  optrn,  the  orifices  of  tlie  i^essels  being  guarded  by  valves,  which 
prevent  the  retrograde  passage  of  the  lymph.  From  each  heart  a  single  veseel 
proceeds*  and  conveys  the  lymph  directly  into  the  venous  iiystem.  Blood  is  pre- 
p  rented  from  passing  into  the  lymphatic  heart  by  a  valve  at  its  orifice* 


A  stniJl  portion  of  mediillM^  snbiUiie^ 
from  A  tDPfwnttSfic  gktid  oi  l\w  ox.  tf^  d^  U«bft> 
culffi  ;  dp  put  of  a  cord  of  lyuiphoM  tliuiDf^  tt&ta 
whli^  »U  but  «  few  of  iio  Ijmjpb-oorpuw!!* 
bavfl  beim  wulMd  out  to  aiiow  lii  ttupporysg 
iQfliliwork  of  nrtJIbnn  tiiioe  ukd  Ita  capniv? 
%lood>TM««ils  fwhli:^  bav«  he«R  lnlect«a.  uitl 


ajQ  dArk  in  tlm  figura) 
wMclL  tbe  r«tlfrjrm  tlu 
Rte,  17.    ^  SOO.    (KoDiker) 


,  ^t  K  1^iti[}h-|ntl),  of 
wMclL  tbe  r«tlfrjrm  Uuus  la  repmented  oiily 
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The  muscular  coat  of  these  heartfl  Is  of  variable  thickness  \  in  some  cases  it  can 
only  be  disco YCred  by  means  of  the  microscope ;  but  in  every  case  it  is  composed  of 
itriped  fibres.  The'  coixtractions  of  the  hearts  are  rhythmical,  occurring  about 
sixty  times  in  a  minute.  The  pulsations  of  the  cervical  pair  ore  not  always 
synchronous  with  those  of  the  pair  in  the  ischiatic  region,  and  even  the  correspond- 
ing sacs  of  opposite  sides  are  not  always  synchronous  in  their  action. 

Unhke  the  contrat^tions  of  the  blood-heart,  those  of  the  lymph-heart  appear  to 
be  directly  dependent  upon  a  cerLiin  limited  portion  of  the  spinal  cord*  For 
Volkmann  foimd  that  so  long  as  the  portion  of  .spinal  eord  corresponding  to  the 
third  vertebra  of  the  froe  was  uninjured,  the  cervicsil  pair  of  lymphatic  hearts 
continued  pulsating  after  all  the  rest  of  the  spinal  c^nrd  and  the  bram  were  destroyed  ; 
w^hile  destruction  of  this  portion,  even  though  all  other  parts  of  the  nervous  centres 
were  uninjured,  instantly  arrested  the  hearts'  movements.  The  posterior,  or 
ischiatic,  jwiir  of  lymph-hearts  were  found  to  be  governed,  in  like  manner,  by  the 
portion  of  spinal  cord  corresponding  to  the  eighth  vertebra.  Division  ol  the 
posterior  spinal  roots  did  not  arrest  the  movements ;  but  divtston  of  the  anterior 
roots  caused  them  to  cease  at  once, 

Jnnm*ation  of  thfi  Tftoraeir  LktH,  — By  determining  tlic  rate  of  outflow  of  a 
fluid  at  constant  pressure  passing  through  the  thoracic  duct,  Camus  and  Gley  have 
obtained  evidence  of  the  presence  of  nerves,  causing  both  dilatation  and  constric- 
tion of  the  duct  These  are  contained  in  the  sympathetic  chain  below  the  first 
thoradc  ganglion.     The  effect  cjf  stimulation  is  principally  dilatation. 

Rolation  of  Lymph  and  Blood. 

The  volume  of  blood  in  the  body  remaiua  remarkably  constai 
If  the  amount  is  increaBed  by  injection  of  fluids,  at  first  its  si>6cific 
gravity  is  lessened,  but  in  a  short  time,  often  in  a  few  minutes,  it 
returns  to  the  normal.  The  excess  of  fluid  is  got  rid  of  in  two  ways : 
(1)  by  the  kidneys,  which  secrete  profusely;  and  (2)  by  the  tissues^ 
which  become  more  watery  in  consequence.  After  the  renal  arteries 
are  ligatured,  and  the  kidney  is  consequently  thro^vn  out  of  action, 
the  excess  of  water  passes  only  into  the  tissnea 

On  the  other  hand,  a  deficiency  of  blood  (for  instance,  after 
hsemorrhage)  is  soon  i-emedied  by  a  transfer  of  water  from  the 
tissues  to  the  blood  through  the  intermediation  of  the  lymph. 

In  severe  haemorrhage  life  has  often  been  saveti  by  injection  of 
saline  solution  into  the  veeaels,  or  by  transfusion  from  another 
person.  The  transfer  of  the  blood  of  another  animal  to  the  human 
vascular  system  is  usually  dangeroug,  especially  if  the  blood  has  been 
defibrinated,  for  the  serum  of  one  animal  is  usually  poisonous  to 
another,  producing  various  changes,  of  which  a  breakdown  of  the 
corpuscles  (hBemolysis)  is  the  most  constant  sign. 


Formation  of  Lymph. 

Carl  Ludwig  taught  that  the  lymph  flow  is  conditioned  by  two 
factors :  first,  differences  in  the  pressure  of  the  blood  in  the  capillaries 
and  of  the  fluid  in  the  tissue  spaces,  giving  rise  to  SkJUtrati^m  of  fluid 
through  the  capillary  walk;    and    secondly,  chemical    dififereneea 
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between  theae  two  fluids,  setting  up  osmotic  interchanges  through  the 
wall  of  the  blood-vessel 

The  afTtiriite  meaning  of  these  terms  is  explained  In  the  Ret-tion  in  small  print 
at  the  end  of  this  chapter* 

If  the  l^ymph  is  produced  by  a  simple  act  of  filtration,  then  the 
amount  of  Ijmph  must  rise  and  siak  with  the  value  of  D~d;  D 
representing  the  capillary  blood^pressure,  and  d  the  pressure  in  the 
tissue  spaces. 

lu  support  of  this  mechanical  theory,  various  workers  in  Ludwig's 
laboratory  showed  that  increased  capillary  pressure  due  to  obstruction 
of  the  venous  outflow  increases  the  amount  of  lymph  formed ;  and 
that  diminution  of  the  pressure  in  the  lymph  spaces,  by  squeesdug 
out  the  lymph  previously  contained  in  them,  leads  to  an  increase  in 
the  transudation* 

On  the  other  hand,  there  were  some  facta  which  could  not  be  well 
explained  by  the  filtration  theory,  among  which  may  be  mentioned 
the  action  of  curare  in  causing  an  increase  of  lymph  flow. 

Heidenhain  was  the  first  to  fully  recognise  that  the  laws  of 
filtration  and  osmosis  as  applied  to  dead  membranes  may  be  con- 
siderably modified  when  the  membranes  are  composed  of  living  cells ; 
and  he  considered  that  the  formation  of  lymph  is  due  to  the  selective 
or  secretory  activity  of  the  endothelial  walls  of  the  capillaries.  This 
so-called  vital  action  of  the  endothelial  cells  is  seen  in  the  fact  that 
after  the  injection  of  sugar  into  the  blood,  in  a  short  time  the  per- 
centage of  sugar  in  the  lymph  becomes  higher  than  that  in  the 
blood*  There  must,  therefore,  be  some  activity  of  the  endothelial 
cells  in  picking  out  the  sugar  from  the  blood  and  passing  it  on  to 
the  lymph. 

Heidenhain  is  also  the  inventor  of  the  term  lymphagogues 
(literally,  lymph  drivers)*  These  are  substances  like  curare,  wliich 
have  a  specific  action  in  causing  an  increased  lymph  flow*  Heiden* 
hain  considers  the  majority  of  these  act  by  stimulating  the  endothelial 
cells  to  activity*  This  conclusion,  however,  has  been  subjected  to 
much  criticism*  In  this  country  the  question  has  been  taken  up  by 
Starling,  who  has  shown  that  the  influence  of  vital  action  is  not 
80  marked  as  Heidenhain  supposes  it  to  be,  but  that  most  of  the 
phenomena  in  connection  with  lymph  formation  can  be  explained  by 
the  simpler  mechanical  theory*  StarUng's  views  may  be  briefly 
stated  as  follows : — 

The  amount  of  lymph  produced  in  any  part  depends  on  two 
factors : — 

1.  The  pressure  at  which  the  blood  is  flowing  through  the  capil- 
laiies.  Heidenhain  took  the  arterial  pressure  in  his  6X]>eriments  as 
the  measure  of  the  capillary  pressure;   Starling  points  out,  very 
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justly,  that  this  is  incorrect,  as  there  is  between  the  arteries  and  the 
capillaries  the  peripheral  resistance  in  the  arterioles* 

2.  The  permeability  of  the  capillary  wall.  This  varies  enormously 
in  different  regions;  it  is  greatest  in  the  liver,  so  that  an  intra- 
capillary  pressure  which  would  cause  lymph  to  flow  here  is  without^ 
efiFect  on  the  production  of  lyniph  in  the  liinba 

The  flow  of  lymph  may  therefore  be  increased  in  two  ways  :— 

1*  By  increasing  the  intracapOkry  pressure.  This  may  be  done 
locally  by  ligaturing  the  veins  of  an  organ ;  or  generally  by  injecting 
a  large  amount  of  fluid  into  the  circulation,  or  by  the  injection  of 
such  substances  as  sugar  and  salt  (Heidenhain's  first  class  of 
lymphagogues)  into  the  blood.  These  attract  water  from  the  tissues 
into  the  blood,  and  thus  increase  the  volume  of  the  circulating  fluid 
and  raise  the  intracapUiary  pressure. 

2.  By  increasing  the  permeability  of  the  capillary  wall  by  injuring 
its  vitality.  This  may  be  done  locally  by  scalding  a  part;  or 
generally,  by  injecting  certain  poisonous  substances,  such  as  peptone, 
leech  extract,  decoction  of  mussels,  etc.  (Heidenhain's  second  class 
of  lymphagogues).  These  act  chiefly  on  the  liver  capillaries;  curare 
acts  chiefly  on  the  limb  capillaries. 

In  the  light  of  our  present  knowdedge  on  this  question,  it  is 
impossible  to  pronounce  any  absolutely  positive  opinion.  But  facts 
appear  to  me  to  be  accumulating  which  tell  in  favour  of  the  secretion 
theory*  If  the  endothelial  wall  were  a  non-Uving  membrane,  physical 
processes  would  obviously  explain  all  the  phenomena  of  lynaph  forma- 
tion. But  we  must  recognise  that  the  endothelial  cells  are  alivOi 
and  that  like  other  cells  they  are  capable  of  a  selective  action  which 
may  mask  or  counteract  or  assist  the  purely  physical  processes.  If 
the  action  of  poisons  was  simply  to  injure  the  vessel  wall  and  increase 
its  permeability,  the  amount  of  lymph  should  be  proportional  to  the 
intensity  of  the  injury ;  but  this  is  not  found  to  be  the  case, 
Heidenhain  no  doubt  went  too  far  when  he  attributed  lymph  forma- 
tion almost  exclusively  to  endothelial  activity ;  and  StarKng  has  gone 
too  far  in  the  other  direction.  My  own  opinion  is  that  lymph 
formation  is  mainly  influenced  by  the  physical  conditions  present, 
for  the  action  of  such  thin  cells  as  those  of  the  capillary  wall  cannot 
be  sufficiently  great  to  entirely  counteract  these  conditions ;  at  the 
same  time  it  is  impossible  to  deny  that  there  is  some  such  action 
as  may  be  described  by  the  terms  "  selective  *'  or  **  secretory,"  The 
question  is  closely  related  to  that  of  absorption  from  the  alimen- 
tary canal,  and  we  shall  find  in  studying  that  subject  that  there 
is  a  similar  difference  of  opioion,  and  that  recently  published 
researches  confirm  the  theory  of  selective  activity  of  the  absorptive 
epithelium. 
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Osmotic  Phenomezui. 

The  investigations  of  physical  chemists  during  teeent  years  have  given  iis  new 
eoneeption.s  of  the  nature  of  solutions,  and  these  have  important  bearings  on  the 
explanation  of  osmotie  phenomena,  and  so  are  interesting  to  the  physiologist. 

Water  is  the  fluid  in  which  soluble  materials  are  usuaHy  dissolved,  and  at 
ordinary  tempefature.*!  it  is  a  fluid  the  moiecules  of  which  are  in  constant  movement ; 
the  hotter  the  water  the  more  actire  are  the  tnoveinents  of  its  raoleeides,  until  when 
at  last  it  is  converted  into  steam,  the  nioleeukr  movements  become  much  more 
energetic.  Perfectly  pure  w  ater  consist.^  of  molecules?  with  the  formula  H,p,  and 
these  molecules  undergo  practically  no  dis&ocjation  into  their  constituent  ions,  and 
it  is  for  this  reason  that  pure  water  ia  not  a  conductor  of  electricity. 

If  a  substance  like  sugar  is  dissolved  in  the  water,  the  solution  still  remains 
incapable  of  conducting  an  electrical  current.  The  sugar  molecules  in  solution  are 
still  sugar  molecules  ;  they  do  not  undergo  dissociation. 

But  if  a  substance  like  salt  is  dissolved  in  the  water,  the  solution  is  tlien  capable 
of  conducting  electrical  currents,  and  the  same  is  true  for  most  acids,  bases,  and  salts* 
These  substances  do  undergo  dissocintiou,  and  the  simpler  materials  into  which 
they  are  broken  up  in  the  water  are  called  umjs.  Thus,  if  sodium  chloride  is  dissolveci 
in  water  a  certain  number  of  its  molecules  t>ecome  dissociated  into  sodium  ions, 
which  aJ*e  charged  with  positive  electricity,  and  chlorine  ions,  which  are  charged 
with  negative  electricity.  Similarly  a  solution  of  hydrot^hloric  acid  in  water  con- 
tains free  hydrogen  ions  and  free  chlorine  ions.  Sulphuric  acid  is  decomposed  into 
hydrogen  ions  and  tons  of  SO;^.  The  term  ion  is  thus  not  equivalent  to  atom,  for 
an  ion  may  be  a  group  of  atoniSt  like  SO4,  in  the  example  just  given. 

Further,  in  the  case  of  hydrochloric  acid,  the  negative  charge  of  the  chlorine 
ion  Is  equal  to  the  p<.»sitive  charge  of  the  hydrogen  ion ;  but  in  the  case  of  the 
sulphuric  acid,  the  negative  charge  of  the  SO^  ion  is  equal  to  the  positive  chai^  of 
two  hydrogen  ions.  We  can  thus  speak  of  monovalent,  divalent,  tnvalent^  ^.g 
Ions. 

Ions  positively  charged  are  called  kai-iom^  because  they  move  towards  the  kathode 
or  negative  pole  ;  those  which  are  negatively  charged  are  called  anr-ions  because  thev 
move  towards  the  anode  or  positive  pole.  The  fbllowiag  arc  some  examples  of  eacfi 
class : — 


Katr^iona. 


-lone. 


Monovalent :'— H,  Na,  K,  NH4,  etc* 
Divalent ; — Ca,  Ba,  Fe  {in  ferrous  salts),  etc. 
Trivalcnt : — Al,  Bi,  Sb^  Fc  (iu  ferric  salts),  etc- 
Monovalent  i^Cl,  Br,  I,  OH,  NO,,  etc. 
Divalent :— S,  Se,  S0|,  etc. 


Roughly  speaking,  the  greater  the  dilution  the  more  nearly  complete  is  the 
dissociation,  <ind  in  a  very  dilute  solution  of  such  a  substance  as  sodium  chloride 
we  may  consider  that  the  number  of  ions  is  double  the  number  of  mnlecides  of  the 
ialt  present. 

The  ions  I i berated  by  the  act  of  dissociation  are,  as  we  have  seen,  charged  with 

electricity,  and  when  an  elec*trioal  current  is  Jed  into  such  a  solution,  it  Is  conducted 

through  the  solution  by  the  movement  of  tlie  ions.     Substances  which  exhibit  the 

ptopcrty  of  dissociation  tire  kncjwn  a^  electrolytes. 

w        The  liquids  of  the  body  con  lain  elect  rohtes  in  solution,  and  it  is  owmg  to  this 

^^jct  that  they  are  able  to  conduct  electrical  currents. 

This  conception  of  electrolytes  which  we  owe  to  Arrhenlus  is  extremely  impoi^ 
tant  in  view  01  the  question  of  osmotic  pressure*  because  the  act  of  dissociation 
increases  the  number  of  particles  moving  in  the  solution,  and  so  increases  the 
osmotic  pressiice,  for  in  this  relation  an  ion  plays  the  same  part  as  a  molecule. 

Another  physiological  aspect  of  the  subject  is  seen  in  a  study  of  the  actions  of 

mineral  salts  in  sohition  on  living  organisms  and  p^fls  of  organisius.     Many  years 

ago  Ringer  showed  that  t^ontractile  tissues  (heart,  cilia,  etc*)  continue  to  m^'inifest 

\  their  activity  in  certain  saline  sohitions.    We  have  already  seen  (p.  25S)  that  Howell 

L  considers  the  cause  of  rhj^thmical  action  in  the  heart  is  the  presence  of  these 

[inorganic  substances  m  the  blood  or  lymph  which  bathes  iL 
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Loeband  his  feUow-workcrs  have  confirmed  these  statement*,  but  interpret  them 
now  B.&  ionic  action,  Contmi'tUe  tissues  will  not  contract  in  pure  salutions  uf  non- 
electroijte!*  (such  as  sugar,  urea,  albumin).  But  different  contractile  tissues  differ 
in  the  nature  of  the  ion^  which  are  most  favourable  stimuli.  Thus  cardiac  musde, 
cilia,  nma-^boid  nioveineul,  karyokinesis,  cell  division,  ant  ail  alike  in  requiring  a 
proper  adjustment  of  ions  in  their  surroundings  if  they  arc  to  continue  to  act,  but 
the  proportions  must  be  different  in  indmdual  c^is*^s.  Ions  affet*tnig  the  rhji:hmical 
I'on tractions  may  be  divided  into  three  classes  i  (I)  Those  whirh  produce  such  con- 
tractions ;  of  these  the  most  efficacious  is  Kn.  {'2}  Those  which  retard  or  inhibit 
rhythmieal  eontractiona  ;  for  instance,  Ca  and  K.  (3)  Tiiose  which  aet  eataiyticaUy , 
that  is,  they  accelerate  the  action  of  Na,  thouj^h  they  do  not  themselTes  produce 
rhytlimicaf  contractions  dire4*tly :  for  instance,  H  and  OH.  In  spite  of  the 
antHg^onistie  effe<l  of  Ca,  a  certain  minimal  amount  of  it  nm.st  be  presjent  if  contrac- 
tions arc  to  continue  for  any  Icnj^h  of  time.  Ions  prr»ducc  rhythmic^al  contraelion 
only  because  they  affect  either  the  physical  condition  of  the  colloidal  substances 
(protein,  etc)  in  protoplasm,  or  the  rapidity  of  chemical  processes, 

Loeb  has  even  gone  so  f^ir  as  to  consider  that  the  process  of  fcHilijsatron  is 
niaiidy  ionic  action^  He  denies  that  the  nuelein  in  the  head  of  the  spermatozoon  is 
e.ssential,  but  asserts  that  all  the  sperinatOEOon  dix'S  is  to  act  as  the  stimulus  in  the 
due  adjustment  of  the  proportions  of  the  surrounding  ions.  He  supports  this  view 
by  numerous  experiments  on  ova,  in  which,  witliout  the  presence  of  spermatozoti^ 
he  haji  produi^ed  larvfp  {generally  imperfect  ones,  it  is  true)  by  merely  altering  the 
saline  constituents  of  the  fluid  that  bathes  them.  Whether  such  a  swccning  and 
almost  revolutionary  notion  will  sbind  the  test  of  further  verification  must  be  left  to 
the  future.  So  also  must  the  equally  important  idea  that  the  basi,s  of  a  uerve- 
ira pulse  is  electrolytic  action. 

Qratnme-moleouleu-  Solatlcmd.  — From  the  p>oint  of  view  of  osmotic  pressure  a 
convenient  unil  is  the  gramnie-niole<'ule.  A  |cramme-molet*ule  of  any  suWtance  is 
the  quantity  in  grammes  of  that  substance  equal  to  its  raolet^ular  weieht  A 
gramme-molecular  solution  is  one  whii'h  eontains  a  gramme-raoleeule  of  txie  sub- 
Stance  per  litre.  Thus  a  gTRrQf"e-molecular  solution  of  .sodium  chloride  is  one  which 
contains  53'5  grammes  of  sodium  chloride  (Ha  =  2-3'0rk;  Cl  =  B5t5)  in  a  litre.  A 
gramme-molecular  solution  of  grape  sugar  (C,iH,^0^  is  one  which  contains  17(^*58 
grammes  of  grape  sugar  in  a  litre-  A  gramme-molecule  of  hydrogen  (Ha)  is  2 
(grammes  by  weight  of  hydrogen,  and  if  this  was  compressed  to  the  volume  of  a 
btpe,  it  would  be  com|>arabIe  to  a  gtaiame-molecular  solution.  It  therefore  follows 
that  a  litre  containing  2  grammes  of  hydrogen  ci>n tains  the  same  number  of 
molecules  of  hydrogen  in  it  as  a  litre  of  a  solution  containing  Ct^'5  grammes  of 
sodium  chloride,  or  one  containing  ^79^'i^*  grammes  of  grajie  sugar,  has  in  it  of  salt 
or  sugar  niolecxdes  respectively.  To  put  it  another  v^ay,  the  heavier  the  weight  of 
&  niote<-ule  of  any  substance,  the  more  of  that  substance  must  W  dissolved  m  the 
litre  to  obtain  it^  gramme-molecular  solution.  Or  still  anothcjr  way;  if  solutions  of 
various  substance  are  made  all  of  the  same  strength  per  cent. ,  the  solutions  of  the 
materials  of  smail  molecular  weight  will  contain  more  molecules  of  those  materials 
than  the  solutions  of  the  materials  which  have  heavy  molecules.  We  shall  see  Uiat 
tlie  calculation  of  osmotic  pressure  depends  upon  these  facts. 

Dlffualon,  Dlalyais,  Ogrooala. — if  two  gases  are  brought  together  within  a 
closed  space,  a  honiogencnus  mixture  of  the  two  is  soon  obtained.  I'his  is  due 
to  the  movements  of  tlic  gaseous  molecules  within  the  confining  space,  and  the 
process  is  called  difftmmi.  In  a  similar  way  dilFuskin  will  effect  in  time  a  homo- 
geneous mixture  of  two  liqutds  or  solutions.  If  water  is  carefully  poured  on  to  the 
surfm^e  of  a  solution  of  salt^  the  salt  or  its  ions  will  sof>n  be  equally  distributed 
throughout  the  whole  If  a  solution  of  albumin  or  any  olhef  rutioUal  substance  is 
used  instead  of  salt  in  the  experiment,  diffusion  will  be  found  to  occur  much  more 
slowly.  If,  instead  of  pjurincf  the  water  on  to  the  surface  of  a  sohition  of  salt  or 
SQgar,  the  two  are  separated  by  a  membrane  made  of  such  a  material  as  parchment 
paper,  a  similar  diffusion  will  ot*cur,  though  more  slowly  than  in  cases  where  the 
membrane  is  absent.  In  time*  the  water  on  each  side  of  the  membrane  will  contain 
the  same  quantity  of  sugar  or  salt.  Substances  which  pass  through  such  membranes 
are  called  cr^staUoid»*    Substances  which  have  such  lai^fe  molecules  (starch,  pro- 
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w*  Mt  ft  a«f 

bafc  «B  t^  nnv  li  tile  «ImI*  Mid 
^c^fC^  «r  tlMt  in  Hie  tm^aH 

» pfts»  liwi » to  A.    Tht 
ienla  pttite  tii««|e^  ft 

I  IB  IDS  wSBC^       SBC  MiWOC  Sl^BV'  0V  VVK7  V  Q^BCBBflS^  !l^l0Ql^lBii  'MMi  IH  CQi^ 

i  wa  tttt^a  J^BBeoiiiy  to  emflUm  IhcieM  M»ilfr  f^i—ri.    Alfct*tlKib 
I  (tiK  ifiAsoa  flf  ««la-1  b  w«  vHitf  tin  tiir  di»l3ri^  (IIm^  dtf^^ 
»ilee«les^iotts>    THr  ctdgr  qrpjh^tiow  gf  ttfe  ^^  tf^t  smtt  ftttm^^d  tlie 
T,  bat  we  Dcrv  es|ires«  tbe  fret  ilMJi  ii  alliy  lif^  ^jiOK 
Hie  lalilD  loloiiaa  c3eft9ftf^:riBiB  oBBolicpfemvv:  M 

L  of  tfe  oowitie  pf^^ve  m  tfaM  Monr  ««ter  llo«^ 
thewBteriiiktotlirnleiif  tbesoln&mtliiiii  in  tbe 

of  svbaiaaec  ni  solridoB,  and  it  idui  «llmd  bv 
of  tenpomtMie  ocenniiv  noie  nftffr  ftt  h^ 

at  l&w  teinpenlKre& 

If  we  iim^Jft^  two  ictAsse^  of  urmter  separated  by  « 
ne,  as  maiij  vmter  molecules  wHl  pft.s5 
through  from  one  side  as  fi^om  the  other,  and  so  the 
valuniefl  of  the  two  masses  of  water  wiU  leniain  tin- 
changed.  If  now  we  imagine  the  membrane  m  is  not  per- 
meabie  except  to  wati^r,  and  the  eompartinent  .\  contains  Vitu  »T, 

water,  and  the  compartment  b  coii tains  a  solutinn  of  salt 

or  sa^j  ;  under  these  ciitrumsfcances  water  will  pass  thf^ugh  into  h,  and  the 
volume  of  a  will  increase  in  proportion  to  the  osmotic  pressure  of  th<f  sugar  or 
salt  in  solutioti  in  b,  but  no  molecules  of  suirnr  or  salt  can  |^t  through  into  4  from  n, 
so  the  Tolume  of  fluid  in  a  witl  continue  to  decrease^  until  at  lai^t  a  Limit  is  reached. 
The  determination  of  this  Hmit,  as  measured  by  the  height  i>f  ii  ctiUnnii  of  fluid 
Gf  mercury  which  it  will  supp^irt^  will  give  us  a  measun'inent  of  the  Oftinotlc 
,  pressure. 

[f  a  bladder  containing  strung  salt  solution  Is  placfnl  in  a  veai^l  of  dijitllled 
'water,  water  passes  into  the  bUdder  by  osmosi'i,  so  that  the  bladder  Ii  nwollen, 
and  a  manometer  connected  with  its  interior  will  show  a  rise  of  pressure  (iinmntlc 
pressure).  But  the  total  rise  of  pressure  cannot  he  mi^ysurecl  in  thfn  iiay  for  two 
reiisons  :  (1)  because  the  salt  diffuses  out  as  t]\e  winter  diffuses  In  i  and  {2)  becAiittt 
the  menibrfitieof  the  bladder  leidcs  ;  thnt  js,  permits  nf  filtnttion  when  tin*  pKiattfi 
within  it  has  attained  a  certain  height 

It  IS  therefore  necessary  to  use  a  menibf.ine  which  will  nnt  allnw  Mdt  to  pasi 
rout  either  by  diaJvhi.'i  or  filtration*  though  it  will  let  the  watrr  ]vim  (n.  Such 
membranes  are  called  fiemiftf^rmfnftif  membranes,  and  one  of  tlvc  ln^st  i>f  tUvhr  Ii 
ferrocyanide  of  copper  This  may  be  made  by  tnkirig  a  t-ell  of  [mrniip*  etirthenwHre 
Hnd  washing  it  out  first  with  copper  sulphate  nnd  tli<-n  with  potaH^iiitn  frTrof^ankle. 
An  insoluble  precipitate  of  copper  fcrrocynnUle  is  thus  dcponitrd  In  I  he  pnreN  of  the 
earthenware* 

If  such  a  cell  is  jirranged  as  in  fig^  ^0?,  ntid  ill  led  with  a  1  per  cent  nolui^in  of 
iodium  chloride,  water  diffuses  in,  till  the  pressure  registered  by  I  lie  manoMu-ter 
reaches  the  enormous  height  of  &4J00  mm*  of  mercury.     If  the  preifture  In  the  tHill 
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is  incr^-'Ased  beyond  tliis  artiJiciaUj,  ^a.ter  wiU  be  pressed  through  the  &emi -perme- 
able wall^  of  the  oeU  and  the  aolution  will  bwome  roope  cqncentmted. 

In  other  words,  in  order  to  make  a  solution  of  sodiunr  chloride  of  grcnter  con- 
centration than  1  percent,  a  pressure  greater  than  5000  mm*  of  mercury  must  be 
cinpIoyetL  The  c^motic  pressure  exerted  by  a  2  per  cent  solution  would  be  ti*'ice 
as  great. 

Though  it  is  theorettcally  possible  to  nieasure  <jsmotic  pressure  by  a  manometer 
in  this  direct  way,  practieally  it  is  hardly  ever  done,  and  some  of  the  indirect 
metliods  of  measurement  described  later  are  uftcd  Instead,  The  reason  for  this  is 
that  it  has  been  found  difficult  to  construct  a  membrane  which  h  absolutely  semi- 
permeable ;  they  are  nearly  all  permeable  in  some  degree  to  the  molecules  of  the 
dissolved  erystalloid.  In  eourse  of  time,  therefore, 
the  dissolved  crystalloid  will  be  equfiHy  distributed  II 

on  both  sides  of  the  membrane,  ana  osmosis  of  water 
wiU  I  ease  to  [>e  apparent^  since  it  will  be  equal  in 
both  directions. 

Many  explanations  of  the  nature  of  osmotie 
pressure  have  been  brought  forwarcJ,  but  none  In 
perfectly  .satislkctory.  The  following  sun  pie  ex- 
planation is  perhaps  the  best,  and  may  be  rendered 
most  intelligible  by  an  illustration,  *  Suppose  we 
have  a  solution  of  sugar  separated  by  a  semi -per- 
meable membrane  from  water;  that  is,  the  mem- 
brane is  permeable  to  water  molecules,  but  not  to 
BUpar  moleeules.  The  streams  of  water  from  the  two 
aides  will  then  be  unequal ;  on  one  side  we  have 
water  molei  ules  striking  against  the  membrane  in 
what  we  may  call  normal  numbers,  while  on  the 
other  side  both  water  moleeules  and  sugar  molecules 
are  striking  against  it  On  this  side,  therefore,  the 
sugar  molecules  tike  up  a  certain  amount  of  room, 
and  do  not  allow  the  water  molecules  to  get  to  the 
membrane ;  the  membrane  is,  as  it  were,  screened 
against  the  water  by  the  sugar,  therefore  fewer 
water  molecules  will  get  through  from  the  screened 
to  the  unscreened  side  than  pic4i  rpr^rt.  This  comes 
to  the  same  thing  as  saying  that  the  osmotic  stream 
of  water  is  greater  from  the  unscreened  water  side  to 
the  screened  sugar  side  th»n  it  is  in  the  reverse 
direction.  The  more  sugar  moletules  that  are 
present,  the  greater  will  be  their  screening  action, 
and  thus  we  see  that  the  osniotic  pressure  is  pro- 
portional to  the  number  of  sugar  molecules  in  the 
solution,  that  is,  tci  the  concentration  of  the  solution. 

Osmotic  pressure  is,  in  fact,  equal  to  that  which 
the  dissolved  substance  would  exert  if  it  occupied  the 
sanie  space  In  the  form  of  a  gas  (Van't  HolTs  hypo- 
thesis). The  nature  of  the  substance  makes  no  differ- 
ence I  it  is  only  the  number  of  molec^ides  which  causes  osniotic  pressure  to  vary. 
The  osmotic  pressure,  however,  of  suhatinccs  like  sodium  chloride,  which  are  elec- 
trolytes, is  greater  than  what  one  would  expect  from  the  number  of  molecules  present 
This  is  l}ecause  the  molecules  in  solution  are  split  into  their  constituent  ions,  and 
an  ion  plays  the  same  part  as  a  molecule,  in  questions  of  osmotic  pressure.  In  dilute 
solutions  of  sodium  chloride  ionisation  is  more  complete,  and  as  the  total  number  of 
ioii5  is  then  nearly  double  the  number  of  original  molecules,  the  osmotic  pressure  is 
nearly  double  what  would  have  been  ( alculated  from  tlie  number  of  molecules. 

The  analogy  between  osmotic  pressure  and  the  pressure  of  gases  is  very  com- 
plete, as  may  be  seen  from  the  following  statements  :^ 

X,  At  a  constant  temperature  osmotic  pressure  is  proportional  to  the  concentra- 
tion of  the  solution  (Boyle-Mariotte's  law  for  gases). 


B 


Fia<  SOB,— A,  outfir  VHiwl,  cou* 
talalng  dUiUUvA  water;  B, 
iun^r  Heml-permetble  vtssnnU 
conLatQing  I  per  eetit,  s&lt 
HOlutJoa ;  M^  mprcuri&l 
Diftnametcr.  {After  Btu- 
Vmg.} 
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3,  With  constant  eoncentmtion^  the  osmotic  pressure  rises  with  /ind  Is  propor- 
tional to  the  lempemture  (Gay-Lussac's  law  for  gases). 

3.  The  osmotic  pressui^  of  a  fsolution  of  different  sub!>tances  is  equal  to  the  sum 
of  Uie  pressures  which  the  mdividu-iJ  RuUstances  would  exert  if  they  were  alone  in 
the  solution  (Henrj^-Dalton  law  for  partial  pressure  of  gases)* 

4,  Th€  osraotir  pressure  Ih  indepenaent  of  the  na^tiire  of  the  substance  in 
solution*  and  dent-nds  only  on  the  number  of  molecules  or  ions  in  solution 
(Avo^dro's  law  for  gases), 

Oalculatlon  of  Osmotic  Pr©saur«,  — -  We  may  best  illustrate  this  by  an  ciiampte^ 
and  to  !>iniplify  matters  we  will  take  an  example  in  the  ca-se  of  a  non-ek^etrolyte 
sufh  as  sugar.  We  shaU  then  not  have  to  take  Into  account  any  electrolytic  dissocia- 
tion of  the  molecules  into  ions.  We  wiU  suppose  we  want  to*  ralculato  the  osmotic 
pressure  of  a  1  per  cent  solution  of  cane  sugur. 

One  gramn^e  of  hydrogen  at  atmospheric  pressure  «nd  0  C.  occupies  a  volume 
of  H'2  litres;  two  gtEinmes  of  hydrogen  will  therefore  occupy  a  volume  of  22*4 
litres.  A  graxume-molecule  of  hydrogen — that  is,  2  grammes  of  hydro^n — when 
brought  to  the  volume  of  1  litre,  will  exert  a  giis  pressure  equal  to  that  ot  224  litres 
compresscfi  to  1  litre— that  is,  n  pressure  of  22  4  atmospheres.  A  gmmme-mole- 
cutar  solution  of  cane  sugar,  since  it  i^;on tains  the  ^ame  number  of  molecules  in  a 
Jitre,  must  therefore  exert  an  osmotic  pressure  of  22  4  atmospheresi  also.  A 
gramme-molecular  sohition  of  cane  sugar  (CmH.^Ou)  contains  312  gramnies  of  cane 
sugar  in  a  litre  of  water*  A  1  per  cent,  solution  of  cane  sugar  contains  only  10 
grammes  of  cane  sugar  in  a  litre ;  hence   the  osmotic  pressure  of  a  1  per  eent, 

solution   of  cane  sugar  is  ^-^   x   22 '4   atmospheres,   or  0*65  of  an   atmosphere, 

which  in  terms  of  a  columii  of  mercury  =  760  y  0'S5  -  4B4  ninir 

It  would  oot  be  possible  to  make  such  a  calculation  in  the  c^ase  of  an  eleetro- 
lyte,  liecausc  we  slioulU  not  know  how  many  molecules  had  been  ionised*  In  the 
liquids  of  the  body,  both  electrolytes  and  non-electrol>iLes  arc  present,  and  so  a 
calculation  is  here  also  impossible. 

We  have  seen  that  for  such  liquids  the  osmotic  pressure  is  seldom  directly 
measured  by  n  manometer,  because  of  the  difficulty  in  obtaining  perfect  semi- 
perm  edible  membranes ;  we  now  see  thiit  mere  arithmetic  often  fails  us  i  and  so 
we  come  to  the  question  to  whieh  we  have  been  so  long  leading  up,  Tia.,  how 
osmotic  pressure  is  actually  deter  ruined. 

Determination  of  Oamotte  Presaure  by  means  of  the  Freezliig-poliit.  ^ 
This  is  the  method  which  is  almost  universally  employed.  A  very  simple  apj^aratus 
{Be^'kmann's  differential  ttiermoincter)  is  nll'that  is  necessary/  The  principle  on 
whicli  tlie  method  depends  ]%  the  following?  :— The  frecsiing'point  of  any  substance 
in  solution  in  wat<?r  is  lower  than  that  of  water  ;  the  lowering  of  the  freezing-point 
hi  proportional  to  the  n^olecular  concentration  of  the  dissolved  substance*  and  that, 
as  we  have  seen.  Is  proportional  to  the  osmotic  pressure. 

When  a  gram  me- molecule  of  any  substiLUce  is  dissolved  in  a  litre  of  water,  the 
freezing-point  is  lowered  by  187 C,  and  the  osmotic  pressure  is,  as  we  have  seen, 
equal  to  *i2'4  atmospheres,  that  iS*  22  M   >;   760  =  17,024  muL  of  mercury. 

We  can »  therefore,  calculate  the  osmotic  pressure  of  any  solution  if  we  know 
the  lowering  of  its  freesjiiig-point  in  degrees  Centigrade ;  the  lowering  of  the 
freezing- point  is  usually  expressed  by  the  Greek  letter  X 

Osmotic  pressure  =  ,,^_  >:   17,024, 


For  example,  a  1  per  cent. 
osmotic  pressure  is  therefore 


rs7 

solution  of  sugar  would  free»e  at  -  0-052"'  C*  i  its 

0:i2.  17,024     ^_„  .  -      4  1 

^^  - — -  =  4^3  mm.,   a   number  approximately 

1  *0J 

equal  to  that  we  obtained  by  calculation. 

Mammalian  blood  serum  gives  A  =0*^^"^  C.  A  0'9  per  cent,  solution  of  iiodium 
chloride  has  the  s«me  A  ;  hence  serum  and  a  0'S>  per  cent,  solution  of  common  salt 
have  the  same  osmotic  pressure,  or  are  uotonir.     The  oKUiotic  pressure  of  blood 

serum  is        .^*  **  —  POOQ  mm,  of  mercury  approximately,  or  a  pressure  of  nearly 

7  atmospheres. 
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The  o^mMr  premme  of  solutions  m&r  &Uo  be  compared  bj  ob«emnf  their 
elTect  on  red  blood  coFpusclcs,  or  on  ref^etable  oelb  such  ai  th€oe  in  Trade!scanti&. 
If  the  solution  Ls  hfprrlim%r^  Lt.^  h&s  a  gmter  osmotic  pressure  thao  the  ve\\ 
contents,  the  protoptv,m  shrinks*  and  loMS  wftter,  or  if  reo  «Mpiisdcs  are  used, 
they  (H!(-ome  c-reti^ited  ;  if  the  solution  U  hfpoi&mie^  iV#.,  has  a  less  osmolic  pressure 
tWn  the  inateriai  within  the  eeli-wall,  no  shrinking  of  the  protoplasm  in  the 
vegetable  cell  takes  place ;  and  if  red  corpuscles  aie  used  ther  swell  and  liberate 
their  pifpBent  htdtmir  solutiofL^«  such  as  pri  ysiologi<-al  sail  solution,  produce  neither 
of  these  effects,  l>eeause  the V  hi* vc  the  same  molecular  coaeentratJQU  and  i^naotic 
pressure  as  tbe  material  iritnio  the  cell- wall 

Fbyslolostoftl  Applle&tloiM.— It  will  at  once  be  5«en  how  important  ail  these 
C!Oiii]dcrfttions  are  from  the  physiolofica]  staodpomt.  In  the  body  we  hare  aqueous 
tolution*^  nf  THrious  (ubsimiret  teparated  from  one  anothtT  by  membranes.  Thus 
we  have  the  endothelial  walN  of  tii*^  c»piUaries  separating  the  blood  from  the  lymph  ; 
we  have  the  epithelial  walU  iA  the  kidney  tubules*  separating  the  blood  and  lymph 
fkvm  the  unne  %  we  JiaTe  jumiUr  frptthelium  in  all  secreting  g^lands ;  and  we'  have 
the  wall  fjrf  the  afiiimitarjr ^iial  neparating  the  digested  food  from  the  blcjod-vessek 
and  ImleaU.  la  wiiHl  mipottant  problems,  then»  as  lymph -formation,  the  forma^ 
tion  of  urme  and  other  eftCTeHoiii  and  set  tL't ions*  and  absorption  of  food,  we  have 
to  take  into  a<  count  lh*f  law*  whk-h  n  giilate  the  movements  btith  of  water  and  of 
subtUnre^  whii^h  are  hekl  In  toUition  by  the  water.  In  the  body  osmosis  ts  not  the 
only  force  at  work*  hut  we  have  alM>  to  eoniiider  filtration,  that  is,  the  forcible 
pmage  of  maiernih  thrctugh  membranes,  due  to  differences  of  mechanical  pressure. 
Furtlier  ^oniplk^ting  these  two  proc^enses  we  have  to  take  into  account  another 
for<*e,  namely,  thtr  secretory  or  Melective  activity  of  the  living  rells  of  which  the 
m»rmbrane^  in  queslifru  jire  com[K>sed.  This  is  sometimes  caUed  by  the  name  riffd 
uctmnt  which  ii  an  iinsatisfjjct'jry  and  unBcientific  ex(>re^sion.  The  Jaws  which 
regulate  filtration,  inbihiticm  for  aclsorption),  and  osmosis  are  fairly  well  known  and 
can  be  experimentally  verified.  But  we  hare  undoubtedly  some  other  fonc*  or 
some  other  manifestation  of  force,  in  the  case  uf  living  membranes.  It  probably 
H  some  phy»]<'al  or  cliemital  property  of  living  matter  which  has  not  yet  been 
brought  into  tine  with  the  known  chemical  and  pnysical  forces  which  operate  in  the 
inofgjmic  world.  We  cannot  deny  its  existence,  for  It  sometimes  operates  so  as  bo 
neutralise  the  known  forties  of  osmosis  and  filtratiun. 

The  more  one  studies  the  Mue^tion  of  1  y rnph-fornuiti on,  the  more  con vineed  ooc 
becomes  that  mere  (i.snmsis  and  fUtration  will  not  explain  it  entirely.  The  leasts  of 
the  at  tiim  is  no  doubt  physical,  but  the  living  rells  do  not  behave  like  the  dead 
membranes  of  a  dialyser  :  they  have  a  sel&'tivc  action,  picking  out  some  substances 
and  passing  them  through  to  the  lymph,  while  tliey  reject  others. 

The  questi<m  of  gaseous  interc^han^^es  in  the  lungs  is  another  of  a  similar 
kind.  Some  m;iintain  thtit  all  can  be  e3( plained  by  the  laws  of  diffusion  of  gases  ; 
others  assert  that  the  ai'tifin  is  whtiHy  vitnL  Pnjbahly  those  are  most  correct 
who  admit  *i  ceriain  ^iniount  of  truth  in  Ixjth  views;  the  main  fricts  are  ex  plica  ble 
on  a  (}hysical  basis,  but  there  an-  also  some  puszling  data  th?it  show  thut  the 
pulmonary  epithelium  is  able  to  exercise  some  other  force  as  well  which  inter- 
feres to  some  extent  \*  ith  the  known  physical  process.  Take  again  the  case  of 
absorption.  The  object  of  digestion  is  in  render  the  fw*d  soluble  and  diffusible ;  it 
can  hardly  be  supposed  that  tliis  is  useless  ;  the  readily  diffusible  substrmces  will 
pass  more  easily  tliPtmgh  into  the  blood  and  lymph  :  but  still,  jis  Wayniouth  Keid 
oas  shown,  if  the  living  epithelium  of  the  intestine  is  removed,  absorjition  comes 
very  nearly  to  a  standstill*  although  from  the  purely  physical  standpoint  rcmovid  of 
the  thick  columnar  epithelium  would  iucreiise  the  facilities  for  osmosis  Eind  filtmtion. 

The  osmotic  pressure  exerted  by  crystalloids  in  very  considerable,  hut  tlieir 
ready  diffiisibility  limits  their  iniiuence  on  the  flow  of  water  in  the  body.  Thus  if  a 
strong  solution  of  salt  is  injected  into  the  blotid,  the  first  effect  will  be  the  setting 
up  of  an  osmotic  strt^im  from  the  tissues  to  the  blood.  The  salt,  however,  would 
soon  diffuse  out  into  the  tissues,  and  would  now  exert  osmotic  pressitre  in  the 
opposite  direction.  Moreover,  both  effects  will  be  but  temporary,  because  excess  of 
salt  is  soon  got  rid  of  by  the  excreting  organs. 

Osmotic  Pi^aBsura  of  Proteins. — It  nas  l)een  generally  nssumed  that  proteins. 
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the  most  abundant  and  important  constituents  of  the  htood,  exert  little  or  no 
Cksmotic  pressure-  Stirling,  however,  has  claimed  that  they^  have  a  small  osmotle 
presHure;  if  this  is  so*  it  is  of  importancei  for  proteins,  unlike  Jsalt*  do  not  diffuses 
readily,  and  their  eflet't  therefore  remains  as  an  almost  permanent  factor  in  the 
btoodj  Starling  gives  tlie  osmotic  presFJure  of  the  proteins  of  the  blood -plasm  a  as 
egual  to  :]0  mm.  of  mercury.  We  should  from  the  theoretical  slin]d[>oiijt  find  it 
difficult  to  imagine  that  a  pure  protein  can  exert  more  than  a  minimal  osmotic 
pressure.  It  is  made  up  of  auch  huge  moleeules  that,  even  when  the  proteins  are 
present  to  the  extent  of  7  or  8  per  centn ,  as  they  are  in  blood-plasma,  there  are 
comparatively  few  protein  molecules  present,  and  these  are  in  a  state  of  colloidal 
■solution,  not  true  solution.  Still*  by  mecins  of  this  weak  but  constant  pressure  it  is 
possibit-  to  eJi])laio  the  fact  that  an  isotonic  or  even  a  hypertonic  solution  of  a 
diffusible  crystalloid  may  be  completely  absorl>ed  from  the  peritoneal  cavity  into 
the  blood. 

The  functional  activity  of  the  tissue  elements  is  accompanied  by  the  breaking 
down  of  their  protein  constituents  intn  such  sun  pie  materials  as  urea  (and  its 
precursors)  sulphates  and  phospliHtef*.  Tliese  materials  pasR  into  the  lymph,  and 
increase  its  rnokcular  concentration  and  its  osmotic  pressure ;  thus  wnter  is 
attracted  (to  use  the  older  way  of  putting  it)  from  the  blood  to  the  lymph,  and  so 
the  volume  of  the  lymph  rises'and  ita  tlovv  iiu'rease.s.  On  the  other  hano*  as  these 
substances  iiccumulate  in  the  lymph  they  wiH  m  time  att'jin  there  a  greater  concen- 
tration than  in  the  blood,  and  so  they  will  diffuse  towards  the  blood,  by  which  they 
are  carried  to  the  organs  of  excretion. 

But,  again,  we  have  a  dilhculty  with  the  pn>teins  {  they  are  most  Important  for 
the  nutrition  of  the  tissues,  but  they  are  practically  indiffusible.  We  must  pro- 
Tisionnlly  assmne  that  their  presence  in  the  lyuiph  is  tfue  to  filtration  from  the  blood* 
The  plasma  in  the  rapilkries  is  under  a  soniewnat  higher  pressure  than  the  lymph 
in  the  tissuefi,  imd  this  tends  to  squeeze  the  constiiaents  of  the  blood«  including 
tlie  proteins,  through  the  capillary  walls.  I  have,  however,  already  indi*!ated  that 
tlie  question  of  lyrnph-formation  i,s  one  of  the  many  physiological  problems  which 
await  solution  by  the  physiologists  of  the  future. 

Waymouth  Reid  finds  that  absolutely  pure  proteins  exert  no  osmotic  pressure  ; 
the  pressure  ob.served  h  due  to  saline  and  other  materials  from  which  it  is  ditfii^lt  to 
disentangle  the  protein,  *  Haemoglobin  is  an  exception  to  this  rule  ;  it  exerts  a  small 
osmotic  pressure  and  forms  a  true  solution  with  wnter, 

Dr  C-  J.  Martin  has  suggested  to  me  a  way  of  illustrating  the  Bo-c^lled  selcetjve 
action  of  living  membranes.  Suppose  a  Dutnber  of  fUbes  are  swimming  about  in  a 
tank,  like  moving  molecules  or  ions  in  solution ;  across  the  tank  is  a  wall  which 
divides  it  into  two  parts;  the  fishes  are  ah  in  one  compartment  of  the  tank. 
Suppose,  next,  the  wall  has  in  it  a  number  of  hojes  guarded  by  valves,  so  arranged 
that  the  fish  can  i>ass  through  into  the  second  compartment,  but  cannot  return, 
Al^^ter  a  time,  us  the  fish  discover  these  holes,  there  will  be  an  equal  number  of  fish 
in  both  compartments  ;  but  this  is  not  the  end,  for  on  waiting  further,  more  fish  will 
find  their  way  through,  and  as  none  arc  able  to  return,  they  will  all  in  time  accumu- 
late in  the  second  compartment.  It  is  not  difficult  to  grasp  the  idea  that  the  arrange- 
ment of  molecuks  in  a  living  meoibrane  is  possibly  such  that  the  orifices  through 
which  other  molecules  pass  arc  valvular,  and  such  a  conception  is  useful  if  it 
merely  serves  to  rob  the  word  "  vital  '*  of  its  mystery* 


•  Bayliss  has  shown  that  the  ,saline  eonstituents  found  in  a  native  protein  are 
not  mechanically  mixed  with  it,  aoti  are  also  not  in  true  chemical  combination  with 
It,  but  are  in  a  condition  intermediate  between  theise  two  extremes,  to  which  the 
term  mboi^plion  is  applied.  Many  dyes  used  for  staining  fabrics  and  histological 
prcjwrations  ore  also  adsorbed. 


CHAPTEE  XXriI 


THE  DUCTLESS   GLASDS 


TuK  ductless  glands  form  a  heterogeneous  group  of  organs,  most  of 
which  are  related  in  function  or  development  with  the  circulatory 
system.  They  include  the  lymphatic  glands,  the  spleen,  the  thymus, 
the  thyroidi  the  suprarenal  capsules,  the  pineal  body,  the  pituitary 
body,  and  the  carotid  and  coccygeal  glands.  The  function  of  a  gland 
that  has  a  duct  is  a  comparatively  simple  physiological  problem,  but 
the  use  of  ductless  glands  has  long  been  a  puzzle  to  investigators. 
Recent  research  has,  however,  shown  that  moat  of,  if  not  all,  the 
ductless  glands  do  form  a  secretion,  and  this  internal  secretion,  as  it 
is  termed,  leaves  the  gland  by  the  venous  blood  or  lymph,  and  thus 
is  distributed  and  ministers  to  the  needs  of  parts  of  the  body  else- 
where>  Many  of  the  glands  which  possess  ducts  and  form  an  external 
secretion,  form  an  internal  secretion  as  well.  Among  these,  the  liver, 
pancreas,  and  kidney  may  be  mentioned. 

In  many  cases  the  internal  secretion  is  essential  for  life,  and 
removal  of  the  gland  that  forms  it,  leads  to  a  condition  of  disease 
culminating  in  deatL  In  other  eases  the  internal  secretion  is  not 
essentiali  or  its  place  is  taken  hj  that  formed  in  similar  glands  in 
other  parts  of  the  body. 

The  body  is  a  complex  machine ;  each  part  of  the  machine  has 
its  own  work  to  do,  but  must  work  hannonioualy  with  other  parta 
Just  as  a  watch  will  stop  if  any  of  its  numerous  wheals  get  broken, 
so  the  metaboUc  cycle  wiU  become  disarranged  or  cease  altogether  if 
any  of  the  links  in  the  chain  break  down. 

In  unravelling  the  part  which  the  ductless  glands  play  in  this 
cycle,  it  is  at  present  impossible  in  many  cases  to  state  precisely 
what  the  particular  function  of  each  is ;  all  one  can  say  is,  when 
the  gland  is  removed  or  its  function  interfered  with,  that  the  meta* 
bohc  round  is  broken  somehow,  and  that  this  upsets  the  whole  of 
the  machinery  of  the  body»  The  difficulty  of  investigating  this 
subject  is  increased  by  the  fact  that  it  is  impossible  to  get  the 
internal  secretion  in  a  state  of  purity  and  examine  it ;  it  is  always 
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mixed  with,  and  madced  bj,  the  lymph  or  blood  into  which  it  is 
poured. 

In  spite  of  this,  however,  onr  knowledge  in  this  branch  of 
physiology  is  increaaing,  particulArly  in  connection  with  some  of 
these  ductless  glands.  The  methoda  of  ixtvastigation  which  have 
been  employed  are  the  following ; — 

1,  MtiiTpaium. — The  gland  in  question  is  removed,  and  the 
effect  of  the  absence  of  tim  internal  secretion  noted. 

2*  DmsM. — In  cases  where  the  function  of  the  gland  is  in 
abeyance,  owing  to  its  being  disessed,  the  symptoms  ate  closely 
obaen'^. 

3.  Injection  of  Exirtids, — ^The  gland  is  taken  in  a  fresh  condition ; 
an  extract  is  made  of  it»  and  this  is  injected  into  the  circulation 
of  healthy  animals,  and  into  that  of  thc^e  animals  from  which  the 
gland  has  been  previously  removed,  and  the  effects  watched. 

4.  Tran^laniaiian. — After  the  gland  is  removed  and  the  usual 
effect  produced,  the  same  gland  from  another  animal  is  transplanted 
into  the  first  animal,  and  restoration  of  function  looked  for. 

The  case  of  the  lymphatic  glands  we  have  already  studied ;  they 
form  an  internal  secretion  which  consists  of  lymph-cells,  and  these 

~|nmish  the  blood  with  a  supply  of  certain  kinds  of  colourless 
corpuscles.  Eemoval  of  lymphatic  glands  is  not  fatal,  as  the  other 
lymphatic  glands  and  other  eoliectious  of  lymphoid  tissue  that  remain 

y  bsbind  carry  on  the  work  of  those  that  are  removed. 

The  internal  seerertion  iheoiy  of  the  ductless  glands  is  th^it  which  is  moist  in 

Ivojfue  at  preseot.     It  should  be  mentioned,  however,  that  there  is  another  theory, 

I  which  niay  be  called  the  ftuti-t-infojrkiUioti  theory.     According  to  this  view  the  gland 

hs  excretory'  (Lf.i  gets  rid  of  waste  and  harmful  materials)  rather  than  secretory  (!#., 

^production  of  something  useful  to  the  organism).     When  the  gland  is  removed, 

the   waste  products  therefore  accumutite  and   produce  hanntul   results.      It  is 

possible  thtit  as  our  knowledge  increiLses.  it  may  be  found  In  certain  crises  that 

both  these  theori^  may  be  in  port  true. 


The  Spleen. 

The  Spleen  is  the  largest  of  the  ductless  glands ;  it  is  situated 
to  the  left  of  the  stomach,  between  it  and  the  diaphragm.  It  is  of 
deep  red  colour  and  of  variable  shape.  Vessels  enter  and  leave 
gland  at  a  depression  on  the  inner  side  called  the  hilus.  The 
Iflpleen  is  covered  externally  almost  completely  by  a  serous  coat 
■derived  from  the  peritoneum,  while  within  this  is  the  proper  fibrous 
coat  or  capsule  of  the  organ.  The  latter  is  composed  of  connective- 
tissue,  with  a  large  preponderaBce  of  elastic  fibres  and  a  certain  pro- 
portion of  un  stria  ted  muscular  tissue.  Prolonged  from  its  inner 
surface  are  fibrous  processes  or  tTaheciilct^  containing  much  unstriated 
muscle,  which  enter  the  interior  of  the  organ,  and,  dividing  and 
anastomosing  in  all  parts,  form  a   supporting   framework   in   the 
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interstices  of  which  the  proper  substance  of  the  spleen  {apl^^a-pulp) 
ia  contained. 

At  the  hilus  of  the  spleen,  the  blood-vessels,  nerves,  and  Ijrm- 
phatica  enter  or  leave,  and  the  fibrous  coat  is  prolonged  into  the 
spleen  substance  in  the  form  of  investing  sheaths  for  the  arteries 
and  veins,  which  sheaths  again  are  continuous  with  the  trabecule 
before  referred  to. 

The  spimn-pulp,  which  is  of  a  dark  red  or  raddiBh-brown  coIouFj 


L^' 


^^^^ 


^^m 


Fin»  ]t09.— f^ectlOTi  dT  injected  dufc'fi  »p1i4n.  e,  captule  ;  rr,  tI%bc>ctJ,l0^ ;  m^  two  |if»lplEbf«ri  bud  lea  1 
numfimufi  Anmn  utttrEea  itfid  cft^aiMAncffl  i  a*  Jtrtiiry  \  U  lymphoid  tiji#u(i,  CQiialiitltig  of  cki^t^l^r-nacked 
lyfiipbold  oelli  iupfjorled  ity  vtry  dclicaLfa  reLlfortn  tfsaue  ;  &  li|(bt  ajmcu  UDoccupl^  by  <jf*lla  i*  ipoii 
aU  round  the  tnboculEE,  wbich  earreipoiidi  ta  tb«  *'  lymph^pAth  "  In  Ljrnipb&tlc  isUiii4s.    {Schofluld.) 


is  composed  chiefly  of  cells,  imbedded  in  a  network  formed  of  fibres, 
and  the  branchings  of  large  nucleated  cells,  The  network  so  formed 
is  thus  very  like  a  coarse  kind  of  retiform  tissue.  The  spaces  of 
this  network  are  only  partially  occupied  by  cells  aiid  form  a  freely 
communicating  system.  Of  the  cells  some  are  granular  corpuscles 
resembling  the  lymph-corpuscles,  both  in  general  appearance  and  in 
being  able  to  perform  amcEboid  movententa;  others  are  red  blood- 
eorpuscloB  of  normal  appearance  or  variously  changed ;  while  there 
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are  also  large  cells  oontaiiimg  either  a  pigment  allied  to  the  colourmg 
matter  of  the  blood,  or  rounded  corpuscles  like  red  corpuscles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface, 
divides  and  subdivides,  with  but  little  anastomosis  between  its 
branches;  at  the  same  time  its  branches  are  sheathed  by  the  pro- 
longations of  the  fibrous  coat,  which  thej,  so  to  speak,  carry  into 
the  spleen  with  them.  The  arteries  soon  leave  the  trabeculie,  and 
their  outer  coat  \%  then  replaced  by  one  of  lymphoid  tissue;  they 
end  in  an  open  brush-work  of  capillaries,  the  endothelial  cells  of 
which  become  contmuons  with  those  of  the  rttt  of  the  spleen -pulp. 
The  veins  begin  by  a  similar  open  set  of  capillaries  from  the  large 
blood  spaces  of  the  pulp.  The  veins  soon  pass  into  the  trabecule, 
and  ultimately  unite  to  form  the  splenic  vein.  This  arrangement 
readily  allows  lymphoid  and  other  corpuscles 
to  be  swept  into  the  blood-current. 

On  the  face  of  a  section  of  the  spleen  can 
be  usually  seen  readily  with  the  naked  eye, 
minute,  scattered,  rounded  or  oval  whitish 
spots,  mostly  from  ^^,  to  ^  inch  {\  to  \  mm.) 
in  diameter.  These  are  the  Malpighian  cor- 
pusdis  of  the  spleen,  and  are  situated  on  the 
sheaths  of  the  minute  splenic  arteries.  They 
are  in  fact  outgrowths  of  the  outer  coat  of 
lymphoid  tissue  just  referred  to  (see  fig.  309). 
Blood  capillaries  traverse  the  Malpighian  cor- 
puscles and  form  a  plexus  in  their  interior. 
The  structure  of  a  Malpighian  corpuscle  of  the  spleen  ia  practically 
identical  with  tliat  of  a  lymphoid  nodule. 

The  spleen  has  the  following  functions :- — 

(1.)  The  spleen,  like  the  lymphatic  glands,  is  engaged  in  the 
/ormation  of  colourless  hlood-c&rpu&cles.  For  it  is  quite  certain,  that 
the  blood  of  the  splenic  vein  contains  an  unusually  large  proportion 
of  whit^  corpuscles;  and  in  the  disease  termed  ImicoGytha^mia,  in 
which  the  white  corpuscles  of  the  blood  are  remarkably  increased  in 
number,  there  is  found  a  hypertrophied  condition  of  the  spleen, 
eapecially  of  the  Malpighian  corpuscles.  The  white  corimsclos 
formed  in  the  spleen  also  doubtless  partly  leave  that  organ  by 
lymphatic  vessels. 

By  stimulating  the  spleen  to  contract  in  a  case  of  splenic 
leucocythfemia  by  means  of  an  electric  current  applied  over  it  through 
the  skin,  the  number  of  leucocytes  in  the  blood  is  almost  immediately 
increased* 

Eenioval  of  the  spleen  is  not  fatal ;  but  after  its  removal  there  is 
an  overgrowth  of  the  lymphatic  glands  to  make  up  for  its  absence* 

(2,)  U  forma  coloured  eorpusdes,  at  any  rate,  in  some  animals;  in 
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these  animalB,  calls  are  found  in  the  spleea  Bimilar  to  those  we  have 
described  in  red  marrow,  and  called  hwTnatohlasU,  In  these  animals, 
if  the  spleen  is  removed,  the  red  marrow  hypertrophies. 

(3.)  There  is  reason  to  believe  that  in  the  spleen  many  of  the  red 
eorpmcles  of  the  blood,  those  probably  wMoh  have  discharged  their 
office  and  are  worn  out,  undergo  disinie^ation ;  for  in  the  coloured 
portions  of  the  spleen-piilp  an  abundance  of  such  corpuscles,  in  various 
stages  of  degeneration,  are  found,  and  in  those  cases  of  disease  in 
which  the  destruction  of  blood-corpuscles  is  increased  (pernicious 
ansemia)  iron  accumulates  in  the  spleen  as  in  the  liver.  It  was 
formerly  supposed  that  the  spleen  broke  down  the  corpuscles  and 
liberated  hsemoglobin,  which,  passing  in  the  blood  of  the  splenic  vein 
to  the  liver,  was  discharged  by  that  organ  as  bile-pigment.  But  this 
is  not  the  case;  the  disintegration  does  not  proceed  so  far  as  to 
actually  liberate  haemoglobia;  there  is  no  free  haemoglobin  in  the 
blood-plasma  of  the  splenic  vein. 

(4,)  The  spleen  participates  in  nitrogenous  metabolism,  especially 
in  the  formation  of  uric  acid  (see  Uric  Acid  formation  in  Chapter 
XXXVII). 

(5*)  Besides  these  direct  offices,  the  spleen  fulfils  some  purpose 
in  i-egard  to  the  portal  circulation  with  which  it  is  in  close  connac- 
tion.  From  the  readiness  with  which  it  admits  of  being  distended, 
and  from  the  fact  that  it  is  generally  small  while  gastrio  digestion  is 
going  on,  and  enlarges  when  that  act  is  concluded,  it  is  supposed  to 
act  as  a  kind  of  vascular  reservoir,  or  diverticulum  to  the  portal 
syatem,  or  more  particularly  to  the  vessels  of  the  stomach.  That  it 
may  serve  such  purpose  is  also  made  probable  by  the  enlargement 
which  it  undergoes  in  certain  affections  of  the  heart  and  liver, 
attended  with  obstruction  to  the  passage  of  blood  through  the  latter 
organ,  and  by  its  diminution  when  the  congestion  of  the  portal  system 
is  relieved  by  discharges  from  the  bowels,  or  by  the  effusion  of  blood 
into  the  stomach.  This  mechanical  influence  on  the  circulation, 
however,  can  hardly  be  supposed  to  be  more  than  a  very  subordinate 
function^ 

Infiumci  of  th§  N^rvmiB  System  tipan  the  Splmn, — When  the 
spleen  is  enlarged  after  digestion,  its  enlargement  is  due  to  two 
causes:  (1)  a  relaxation  of  the  muscular  tissue  which  forms  so  large 
a  part  of  its  framework ;  (2)  a  dilatation  of  the  vessels.  Both  these 
phenomena  are  under  control  of  the  nervous  system.  It  has  been 
found  by  experiment  that  when  the  splenic  nerves  are  out  the  spleen 
enlarges,  and  that  contraction  can  be  brought  about  by  stimulation  of 
the  peripheral  ends  of  the  divided  nerves.  If  the  splenic  nerves  are 
not  cut,  contraction  is  produced  by  (1)  stimulation  of  the  spinal 
cord;  (2)  reflexly  by  stimulation  of  the  central  stumps  of  certain 
divided  nerves,  e.g.,  vagus  and  sciatic ;  (3)  by  local  stimulation  by  an 
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this^  dud  to  the  effect  of  respiratioii  on  the  blocNl-pressiire ;  attd  on 
those,  smaller  waves  still,  corresponding  with  the  individnal  heart- 
beats. The  large  waves  due  to  the  splenic  contractility  still  go  on 
after  the  di^iaion  of  all  the  splenic  nerves.  These  nerve-fibrea  leave 
the  spinal  cord  in  numerous  thoracic  anterior  roots ;  thej  have  call 
stations  in  the  sympathetic  chain  (Schafer)  or  aetni-lunar  ganglia 
(Langley). 

Haemolymph  Glanda 

The  existence  of  glands  whicli  partake  of  the  nature  Ixitla  of  the 

[^leen  and  of  lymphatic  glands^  has  long  been  known.     They  havo 

been  recently  more  fully  investigated  by  T,  Lewia     Be  finds  thnm  in 

moat  mammals,  and  they  can  be  readily  distinguishcKl  from  ordinary 

lymphatic  glands  by  their  red  colour.     H©  divides  them  into  (1 )  k^rmeU 
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glands,  which  are  characterised  by  the  fact  that  the  amuses  contain 
blood  only;  the  spleen  is  in  fact  a  large  haemal  gland;  and  (2) 
hmmaX  lymphatic  fflands,  in  which  the  sinuses  are  filled  by  a  mixture 
of  blood  and  lympk 

The  Thymus. 

This  gland  is  a  temporary  organ ;  it  attains  its  greatest  8i2e  early 
after  birth,  and  after  the  second  year  gradually  diminishes,  until  in 


l&: 


UmgnUlwi  Jil^oat  twalTft  Um«s.    (I^Atnvy.) 

adult  life  hardly  a  vestige  remains.  At  its  greatest  development 
it  is  a  long  narrow  body,  situated  in  the  front  of  the  chest  behind 
the  sternum  and  partly  in  the  lower  part  of  the  neck.  It  is  of  a 
^  reddish  or  greyish  colour,  and  is  distinctly 

lobulated. 

The  gland  is  surrounded  by  a  fibrous  cap- 
sule, which  sends  in  processes,  forming  trabe- 
culie,  that  divide  the  gland  into  lobes,  and 
carry  the  blood-  and  lymph-vessels.  The  large 
trabeculse  branch  into  small  ones,  which  divide 
the  lobes  into  lobules.  The  lobules  are  further 
subdivided  into  follicles  by  fine  connective- 
tiasua  A  follicle  is  polyhedral  in  shape,  and 
consists  of  cortical  and  medullary  portions, 
both  of  which  are  composed  of  adenoid  or 
lymphoid  tissue,  but  in  the  medullary  portion 
the  matrix  is  coarser,  and  is  not  so  filled  up  with  lymphoid  cor- 
puscles as  in  the  cortex*  Scattered  in  the  lymphoid  tissue  of  the 
medulla  are  the  conccntrw  mrpv^des  of  ffassali  (fig*  313),  which 
consist  of    a  nucleated  granular  centre,  surrounded    by  flattened 
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nucleated  epithelial  cells.  These  are  islands  of  epithelial  cells  cut  off 
from  the  epithelium  of  the  pharynx  in  process  of  development.  They 
are  not  occluded  hlood- vessels,  as  was  at  one  time  supposed.  They 
remind  one  somewhat  of  the  epithelial  nests  seen  in  some  rarieties  of 
cancer. 

The  arteries  radiate  from  the  centre  of  the  gland.  Lymph  sinuses 
may  be  seen  occasionally  surrounding  the  periphery  of  the  follicles 
(Klein).     The  nerves  are  very  minute. 

From  the  thymus  various  substances  may  be  extracted,  many  of 
them  similar  to  those  obtained  from  the  spleen,  e.g.,  xanthine,  hypo- 
xanthine,  adenine,  and  leucina 

The  main  constituent  of  the  cells  is  protein » and  especially  nucleo- 
protein.  Indeed,  the  thymus  is  usually  employed  as  the  source  of 
nucleo-protein  when  oue  wishes  to  inject  that  substance  into  the 
blood-vessels  of  an  animal  to  produce  experimentally  intravascular 
clotting.  It  is,  however,  not  characteristic  of  the  thymus,  but  is 
found  in  all  protoplasm.  The  method  of  preparation  will  be  given 
later  (see  Coagulation  of  Blood). 

The  thymus  takes  part  in  producing  the  colourless  corpuscles  like 
other  varieties  of  lymphoid  tissua  In  hibernating  animals  it  exists 
throughout  life,  and  as  each  successive  period  of  hibernation  approaches 
it  greatly  enlarges  and  becomes  laden  with  fat.  Hence  it  appears  to 
serve  for  the  storing-up  of  materials  whichp  being  reabsorbetl  during 
the  inactivity  of  the  hibeniating  period,  may  maintain  the  respiration 
and  the  temperature  ol  the  body  in  the  reduced  state  to  which  they 
fall  during  that  tima  Some  observers  state  that  it  is  also  a  source 
of  the  red  blood -corpuscles,  at  any  rate  in  early  lifa 

Eemoval  of  the  thymus  in  the  frog  (in  which  animal  it  persists 
throughout  life)  produces  muscidar  weakness,  paralysis,  and  finally 
deatL  Intravenous  injection  of  extracts  of  thymus  lowers  blood- 
pressure,  though  the  heart  may  be  somewhat  accelerated. 


The  Thyroid. 

The  thyroid  gland  is  situated  in  the  neck.  It  consists  of  two 
lobes,  one  on  each  aide  of  the  trachea,  extending  upwards  to  the 
thyToid  cartilage,  covering  its  inferior  cornu  and  part  of  its  body; 
these  lobes  are  connected  across  the  middle  line  by  a  middle  lobe 
or  isthmus.  It  is  highly  vascular,  and  varies  in  size  in  different 
individuals. 

The  gland  is  encased  in  a  capsule  of  dense  areolar  tissue.  This 
sends  in  strong  fibrous  trabeculae,  which  enclose  the  thyroid  vesicles — 
which  are  rounded  or  oblong  irregular  sacs,  consisting  of  a  wall  ol 
thin  hyaline  membrane  lined  by  a  single  layer  of  short  cylindrical 
or  cubical  cells.     These  vesicles  are  filled  with   transparent  colloid 
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nucleo-protein  materiaL  The  colloid  aubstance  increases  with  age, 
and  the  cavities  appear  to  coalesca  In  the  interstitial  connective- 
tisane  is  a  round  meshed  capillary  plexus,  and  a  large  number  of 
lymphatics.     The  nerves  adhere  closely  to  the  vessels. 

In  the  veaicles  there  are,  in  addition  to  the  yellowish  glassy  colloid 
material,  epithelium  cells,  colourless  blood-corpuscles^and  also  coloured 
corpuscles  undergoing  disintegratioo- 

It  is  difficult  to  state  definitely  the  function  of  the  thyroid  body ; 
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Flo»  814*— Fjtrt  q(  4  acctiow  of  the  human  thyroid,  a^  ribrtms  capsqln ;  6,  thymid  vMidia  llUed  with, 
f,  collotd  nubataiice;  n^  mipporting  ttbitniB  ttnauo;  dt  ibort  calumnv  caIU  Uadog  veBlde*;  /, 
trtedra;  p,  velna  fliled  witQ  blood;  h,  lympluk^G  vsaiek  fillod  wltb  optloLd  labttuice.  (^,  R, 
Aloock.) 


it  is  one  of  those  organs  of  great  importance  in  the  metabolic  round  j 
and  its  removal  or  disease  is  followed  by  general  disturbaucea  It  no 
doubt  forms  an  internal  secretion ;  to  this  the  colloid  material  men- 
tioned contributes,  as  it  is  found  in  the  lymphatic  vessels  of  the 
organ* 

When  the  gland  is  diseased  in  children  and  its  function  obliterated, 
a  species  of  idiocy  is  produced  called  cretinism. 

The  same  condition  in  adults  is  called  myz<Bdtma;  the  most 
marked  symptoms  of  this  condition  are  slowness,  both  of  body  and 
mind,  usually  associated  with  tremors  and  twitchings.  There  is  also 
a  peculiar  condition  of  the  skin  leading  to  the  overgi-owth  of  the 
subcutaneous  tissues,  which  in  time  is  replaced  by  fat ;  the  hair  falls 
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off»  the  hands  become  spade-like;  the  whole  body  is  unwieldy  and 
cIuiDBy  like  the  mind, 

A  BiDiilar  condition  occurs  after  the  thyroid  is  completely  removed 
surgically;  this  is  called  cmh^a  sirumipriva ;  this  operation^  which 
was  performed  previous  to  our  knowledge  of  the  importance  of  the 
thyroid,  is  not  regarded  as  justifiable  nowadays. 

Lastly,  in  many  animals  removal  of  the  thyroid  produces  analogous 
symptoms,  in  the  overgrowth  of  the  connective-tissues  especially 
under  the  skin,  and  in  the  nervous  symptoms  (twitchings,  convul- 
sions, etc.). 

The  term  Myxoedema  was  originally  given  under  the  erroneous 
idea  that  the  swelling  of  the  body  is  due  to  mucin.  In  the  early 
stages  of  the  disease  there  is  a  slight  increase  of  muciu,  because 
all  new  connective-tissues  contain  a  relatively  large  amount  of  ground 
substance^  the  most  abundant  constituent  of  which,  next  to  water, 
is  mucin.     But  there  is  nothing  characteristic  about  that 

The  discovery  of  the  relationships  between  the  thyroid  and  these 
morbid  conditions  is  especially  interesting,  because  important  practical 
results  in  their  treatment  have  followed  close  on  the  heels  of  experi- 
mental investigation.  The  missing  internal  secretion  of  the  thyroid 
may  be  replaced  in  these  animals  and  patients  by  grafting  the  thyroid 
of  another  apimal  into  the  abdomen;  or  more  simply  by  injecting 
thyroid  extract  subcutaneously ;  or  even  by  feeding  on  the  thyroid 
of  other  animals.  This  treatment,  which  has  to  be  kept  up  for  the 
rest  of  the  patient's  life,  is  entirely  successful  Chemical  physiologists 
have  l>e6D  diligently  searching  to  try  and  discover  what  the  active 
material  in  thyroid  extract  is  which  produces  such  marvellous  results; 
the  view  at  present  held  is  that  the  efficacy  of  thyroid  extract  is  due 
to  a  substance  which  Baumann  separated  from  the  gland,  and  which 
stands  almost  unique  among  physiological  compounds  by  containing 
a  large  percent^e  of  iodine  in  its  molecule.  Thyro-iodin  or  lodo- 
thyrin,  as  this  substance  has  been  caOed,  is  present  in  combination 
with  protein  matter  in  the  colloid  substance. 

Intravenous  injection  of  thyroid  extract  in  a  normal  animal 
lowers  blood-pressure ;  but  in  an  animal  from  which  the  thyroid  has 
been  removed  it  stimulates  the  heart  and  raises  blood-pressure. 

Parath|rroide, 

These  are  small  bodies,  usually  four  in  number,  situated  in  the 
neighbourhood  of,  or  embedded  in  the  substance  of,  the  thyroid.  They 
are  made  up  of  elongated  groups  of  polyhedral  cells,  bound  together 
by  connective- tissue  and  well  supplied  with  blood-vessels.  Some 
observers  look  upon  these  as  being  even  more  essential  to  healthy 
life  than  the  thyroid,  but  this  point  is  most  uncertaim 

The  view  h^  been  put  forward  that  the  thyroid  supplies  some* 
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thing  which  is  a  stimiilator  of  metabolic  processes,  and  that  the  action 
on  the  nervous  system  is  more  especially  the  work  of  the  para- 
thyroids. According  to  others  the  parathyroid  tissue  is  only  a  stage 
in  the  development  of  thyroid  tissue  proper. 

The  Supra-renal  Capsules. 

These  are  two  triangular  or  cocked-hat-shaped  bodies,  each  resting" 
by  its  lower  border  upon  the  upper  border  of  the  kidney. 

The  gland  is  surrounded  by  an  outer  sheath  of  connective-tissue. 


Fn>^  ^16, — Vertical  flection  through  part  of  the  cort1<;»l  portion  of  Bupr&*rvnilorgn1iieii-plg.    n^  Ci%|w 
Atii^",  h,  xon«  Elomerulofu ;  c,  zonit  r^AclculAta  ;  J,  connectlva-tissUQ  sapportlng  ttw  coluiDua  off 
csfltk  of  the  LRtUr,  Mid  «Uo  iudicatidi^  tbA  po«IUoD  of  the  bl[Kxl'V«H4olj&.    (B,  K,  JUoock.) 

which  sends  in  fine  prolongations  forming  the  framework  of  the  gland. 
The  gland  tissue  proper  consists  of  an  outside  firmer  cortical  portion 
and  an  inside  soft,  dark  medullary  portion, 

(1,)  The  coriical  portion  is  divided  into  (fig.  315)  columnar  groups 
of  cells  (zona/ascictUata).  Immediately  under  the  capsule,  however, 
the  groups  are  more  rounded  (zona  giomcrulosa),  while  next  to  the 
medulla  they  have  a  reticular  arrangement  (zona  reticidaris}.  The 
cells  themselves  are  polyhedral,  eaeh  with  a  clear  round  nucleus,  and 
often  contain  oil  globules.  The  blood-vessels  run  in  the  fibrous  septa 
between  the  columns,  but  do  not  penetrate  between  the  cella 

(2.)  The  medullary  substance  consists  of  a  coarse  rounded  or 
irregular  meshwork  of  fibrous  tissue,  in  the  alveoli  of  which  are 
masses  of   multinucleated  protoplasm  (fig.   316);   numerous  blood- 
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vessels ;  and  an  abundance  of  nerve-fibree  and  cells.  The  cella  are 
very  irregular  in  shape  and  size,  poor  in  fat,  and  often  l.iranched ;  the 
nerves  run  through  the  cortical  substance,  and  anastomose  over  the 
medullary  portion. 

The  cells  of  the  medulla  are  characterised  by  the  presence  of 
certain  reducing  substances.  One  of  these  takes  a  brown  stain  with 
chromic  acid,  and  gives  other  colour  reactions ;  it  is,  therefore,  called 
a  chromogen.  Another  is  similar  in  many  of  its  characters  to  jecorin,  a 
lecithin-like  substance  also  found  in  the  liver,  spleen,  and  other  organa 

The  immense  importance  of  the  supra-renal  bodies  was  first  in- 
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Flo^  Sid. — Section  ttireugb  %  portJcin  oT  tbe  nioJulUirT  pirt  of  the  diipra-ren«1  of  gatneikp[g.  Tlie 
Y«8Kla  kf«  veiy  ntipiAhsus,  and  tTifr  ilbrom  ttroma  mcire  distinct  thiu)  In  Iba  cortex,  mnd  Ja,  mora- 
o^'w^  reticulattid,  Tbe  oalk  ue  imgDimr  uad  1jug«x-,  deftr^  «tid  ftm  tt^>m  dfX  gtokOM.  (S.  K. 
Alcock.) 

dieated  by  Addisonp  who,  in  1855,  pointed  oat  that  the  disease  now 
known  by  his  name  is  aasoeiated  with  pathological  alterations  of  these 
glands.  This  was  tested  experimentally  by  Brown -Si-quard,  who 
found  a  few  years  later  that  removal  of  the  supra-renals  in  animals  is 
invariably  and  rapidly  fataL  The  symptoms  are  practically  the 
same  (although  more  acnte)  as  those  of  Addison's  disaasOj  namely^ 
great  muscular  weakness,  loss  of  yascular  tone^  and  nervous  prostra- 
tion. The  pigmentation  (bronzing)  of  the  skin,  however,  which  is  a 
marked  symptom  in  Addison's  disease,  is  not  seen  in  animals.  The 
experiments  of  Brown-Suquard  attracted  much  attention  at  the  time 
they  were  performed,  but  were  almost  forgotten  until  quite  recently, 
when  they  were  confirmed  by  Abelous,  Langlois,  Schafer,  and  others. 
The  efltects  on  the  muscular  system  are  the  most  marked  results  both 
after  removal  of  the  capsules  and  after  injection  of  an  extract  of  the 
glands.  The  effect  of  injecting  such  an  extract  on  the  voluntary 
muscles  is  to  increase  their  tone,  so  that  a  tracing  obtained  from  them 
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And  It  is  therefore  a  methii-amlnfi  deriTftHoo  of  ddechol  (FauIt,  Jowett^  Reoealif 
coin  pounds  cloidy  aJBed  to  it  huTc  been  maile  ajntbctiGfcUx  (Stok,  Ptfrdmaim^ 
DakiD). 

Whether  this  discovery  will  lead  to  the  ^me  kmd  of  tesults,  as 
in  the  case  of  the  thyroid,  most  be  left  to  the  future  to  decide. 
There  is  a]Teadj  some  evidence  to  show  that  injection  of  Bupra-renal 
extract  is  beneicial  in  oases  of  Addison's  disaasei  The  discovery  of 
adrenaline  itself  is,  however,  one  of  immense  practical  iroportanca 
Its  action  on  the  amall  blood-vessels  is  so  powerful  that  quite  weak 
solutions  applied  locally  will  arrest  hBemorrhage, 

There  are  some  points  of  interest  in  the  development  and  com- 
parative physiology  of  the  supra-renals.  In  mamnmls  the  medullary 
portion  ia  developed  in  connection  with  the  sympathetic,  and  is  at 
first  distinct  and  outside  the  cortical  portion  which  is  developed  in 
connection  with  the  upper  part  of  the  Wolffian  body ;  it  gradually 
insinuates  itself  within  the  cortex  (Mitsukiri).  In  Elasmobranch 
fishes  the  supra-renals  consist  throughout  life  of  separate  portions; 
one,  the  inter-renal  body,  ia  median  in  position  and  single;  this  corre- 
sponds to  the  cortex  of  the  mammalian  supra- renal ;  extracts  of  this 
are  inactive,  and  in  the  Teleostean  fishes,  where  it  is  the  sole  repre- 
sentative of  the  supra-renal,  it  may  be  removed  without  any  harm  to 

•  AlthtrtifiCh  juust'uluF  tisfiuc  is  spoken  of  in  the  iibovc  deiH-riptlon*  Brcxlic's  work 
shows  that  it  fa  the  sjrmfiathetic  oerre  tennfnais  which  are  rcaily  Affcc-ted 


CH.  XXIIL]        the   PITUITJIRY   BODY   AND   THE  PINEAL  GLAUD 


a4i 


the  animaL  The  other  portion  of  the  Elasmobranch  supra-reDal  is 
paired,  and  deri^^ed  from  the  sympathetic  ganglia.  This  correspondfi 
to  the  medulla;  it  contains  the  same  chromogen  as  the  medulla  of 
the  mammalian  aupra-renal,  and  extracts  of  it  have  the  same  physio- 
logioal  action  (S.  Yinoent). 

The  Pituitary  Body. 

This  body  is  a  small  reddish-grey  mass,  occup3dng  the  sella 
turcica  of  the  sphenoid  bona  It  consists  of  two  lobes-^a  small 
posterior  one,  and  an  anterior  larger  one,  somewhat  resembling  the 
thyroid  in  structura  The  anterior  lobe  is  developed  as  a  tubular 
prolongation  from  the  epiblast  of  the  buccal  cavity*  The  growth  of 
intervening  tissue  soon  cuts  off  all  connection  with  the  mouth.  The 
alveoli  are  approximately  spherical ;  they  are  filled  with  nucleated 
cells  of  various  si^ea  and  shapes  not  unlike  ganglion  cells,  coUected 
together  into  rounded  massesp  filling  the  vesicles,  and  contained  in  a 
coOoid  substance.  The  vesicles  are  enclosed  by  connective-tissue, 
rich  in  capillaries.  The  posterior  lobe  is  developed  from  the  floor  of 
the  third  ventricle ;  it  consists  mainly  of  vascular  connective  tissue, 
and  includes  masses  of  epithelial  cells.  In  the  adult  it  contains  no 
distinct  nerve-cells,  but  it  receives  nerve-fibres  which  originate  in 
the  grey  matter  behind  the  optic  chiasma. 

Disease  of  the  pituitary  body  produces  the  condition  called 
acromegaly,  in  which  the  bones  of  limbs  and  face  hypertrophy* 
When  the  gland  is  removed  in  animals,  tremors  and  spasms  occur 
like  those  which  take  place  after  removal  of  the  thyroid.  Death 
usually  occurs  within  fourteen  days.  Some  observers  have  stated 
that  overgrowth  of  the  pituitary  occurs  after  excision  of  the  thyroid. 
But  there  is  no  ground  for  the  assumption  that  the  two  glands  have 
a  similar  function.  Acromegaly  is  a  very  different  disease  from 
inyxoedema.  The  injection  of  extracts  of  the  organs  are  also  different. 
Thyroid  extract  produces  a  fall  of  arterial  pressura  Extracts  of  the 
anterior  iobe  of  the  pituitary  body  are  inactive;  but  extracts  of  the 
posterior  lobe  or  infundibular  body  contain  two  active  substances, 
one  of  which  produces  a  rise,  and  the  other  a  faU  of  blood-pressure, 
A  second  dose  of  the  former  of  those  injected  soon  after  the  first  dose 
is  inactive;  and  so  it  is  not  the  same  thing  as  in  supra-renal  extract. 
The  chemical  nature  of  the  two  substances  is  not  known.  Pituitary 
extracts  when  injected  into  the  blood  also  produce  diuresis  (Schafer), 


The  Pineal  Gland. 

This  gland,  which  is  a  small  reddish  body,  is  placed  beneath  the 
Ikack  part  of  the  corpus  callosum,  and  rests  upon  the  corpora 
quadrigemina.     It  is  composed  of  tubes  and  saccules  lined  and  some- 


342 


THE    DUCTLESS    QULNDS 


[Ca  XXIII. 


times  filled  with  epithelial  cells,  and  containing  deposits  of  earthj 
salts  (brain  sand).  These  are  separated  by  vascular  connective  tissue. 
A  few  small  atrophied  nerve-cella  without  axons  are  also  seen. 

In  certain  lizards,  such  as  Hatteria,  the  pineal  glaod  is  better 
developed  and  h  connected  by  nerve-fibres  to  a  rudiinentary  third 
eye  situated  ceutrallj  on  the  upper  surface  of  the  head,  but  covered 
by  skiu. 

The  Coccygeal  asd  Carotid  Glands. 

These  so-called  glands  are  situated,  the  one  in  front  of  the  tip  of 
the  coccyx  and  the  other  at  the  point  of  bifxireation  of  the  common 
carotid  artery  on  each  side.  They  are  made  up  of  a  plexus  of  small 
arteries,  and  are  enclosed  and  supported  by  a  capsule  of  fibrous  tissue. 
They  contain  also  polyhedral  cells  collected  into  spheroidal  clumps 
(carotid  gland)  or  irregular  nodules  (coccygeal  gland).  Some  of  the 
cells  of  the  carotid  gland  stain  brown  with  chromic  acid  Uke  those  of 
the  supra-renal  medulla. 
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The  respiratory  apparatus  consists  of  the  limgs  and  of  the  air-passages 
which  lead  to  them.  In  marine  animals  the  gills  fulfil  the  same 
functions  as  the  lungs  of  air-braathing  animals.  The  muscles  which 
move  the  thorax  and  the  nerves  that  supply  them  must  also  be  in- 
cluded under  the  general  heading  Eespiratory  System;  and,  using 
this  expression  in  the  widest  sense,  it  includes  practically  all  the 
tissues  of  the  body,  since  they  are  all  concerned  in  the  using  up  of 
oxygen  and  the  production  of  waste  materials,  like  carbonic  acid 

EssentiaUy  a  lung  or  gill  is  constructed  of  a  thin  membrane,  one 
surface  of  which  is  exposed  to  the  air  or  water,  as  the  case  may  he, 
while,  on  the  other  is  a  network  of  blood-vessels— the  only  separation 
between  the  blood  and  aerating  medium  being  the  thin  wall  of  the 
blood-vessels,  and  the  fine  membrane  on  one  side  of  which  vessels  are 
distributed-  The  difference  between  the  simplest  and  the  most  com- 
plicated respiratory  membrane  is  one  of  degree  only. 

The  lungs  or  gills  are  only  the  medium  for  the  exchange,  on  the 
part  of  the  blood,  of  carbonic  acid  for  oxygen.  They  are  not  the  seat, 
in  any  special  manner^  of  those  combustion-processes  of  which  the 
production  of  carbonic  acid  is  the  final  result.  These  processes  occur 
in  all  parts  of  the  body  in  the  substance  of  the  tissues. 


The  Respiratory  Apparatus. 

The  lungs  are  contained  in  the  cheat  or  thorax,  which  is  a  closed 
cavity  havuig  no  communication  with  the  outside  except  by  means  of 
the  respiratory  passages,  The  air  enters  these  passages  through  the 
nostrils  or  through  the  mouth,  whence  it  passes  through  the  larynx  into 
the  trachea  or  windpipe,  which  about  the  middle  of  the  chest  divides 
into  two  tubes,  bronchi,  one  to  each  (right  and  left)  lung. 

The  Laryru  is  the  upper  part  of  the  passage,  and  will  be  described 
in  connection  with  the  voice. 

The  Trachea  and  Bronchi. — The  trachea  extends  from  the  cricoid 
cartilage^  which  is  on  a  level  with  the  fifth  cervical  vertebra,  to  a 
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point  opposite  the  third  dorsal  vertebra,  where  it  divides  into  the 
two  bronchi,  one  for  each  lung  (fig,  317),     It  measures,  on  an  average, 
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Fio.  517* — Outline  ahuwEiig  this  geueral  form 
of  ibn  l&ryiuc,  tncliean  and  brotii'lii,  ula 
ttsea  tiom  tih«  fraat.  h^  The  i^nmt  corem  cjf 
thfl  hyoid  boDs :  t,  «|j1glottlaT  t,  atiperior, 
iibd  t\  LoftitHor  cortia  of  the  thyroid  citrLl- 
lAge ;  c,  middle  of  the  cricoid  cartllagFi ; 
tr,  the  trocboa,  shewing  iljiteen  cartll*- 
^tnoitK  HiigH ;  b|  tb$  tlghtp  mud  b\  the  Itttl 
broiiebufl.    (All AD  Tboiaion.) 


Fui.  SIJS.— -OdtilltiH  »(|i^wjtig  tbe  ^ixiriil  form  of  tlin 
itrytiE,  trmchf^i  atid  bronchi  u  soen  frum 
bebltid.  A,  Gfe&t  oomu  of  tho  byotd  bone; 
It,  anpenor,  mi>d  t%  tbo  Inferior  carnii  uf  tbe 
tbyroid  oartllAge ;  c,  epiglottis  ;  a,  pointa  to  tlifl 
bnck  of  botrb  the  mrytenold  cartiUn^s,  which  uo 
jturmo anted  b/  the  oomiculi ;  (?,  th«  middle 
rislj^o  on  the  back  of  the  cricoid  t'^rtilneo' ;  (r,  tb» 
IKiat/erior  pi^mbmnods  part  of  tbe  tncufift; 
t%  h\  right  and  left  brobchln    (Allen  ThotniMan,) 


four  or  four  and  a  half  inches  in  length  and  from  threenquarters  of 
an  inch  to  an  inch  in  diameter,  and  is  essentiaU  j  a  tube  of  fibro-elastic 
membrane,  within  the  layers  of  which  are  imbedded  a  series  of  carti- 
laginous rings,  from  sixteen  to  twenty  in  number.    These  rings  ex- 
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tend  only  around  the  front  and  sides  of  the  trachea  (about  two-thirds 
of  its  circumference)  and  are  deficient  behiad;  the  interval  between 
their  posterior  extremitiea  is  bridged  over  by  a  continuation  of  the 
fibrous  membrane  in  which  they  are  enclosed  (fig.  318).  The  carti- 
lages of  the  trachea  and  bronchial  tubes  are  of  the  hyaline  variety. 
Immediately  within  this  tube. 
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at  the  back,  is  a  layer  of  un- 
atriped  muscular  fibres,  which 
extendSi  trajtsverseiyj  between  the 
ends  of  the  cartilaginous  rings 
to  which  they  are  attached,  and 
opposite  the  intervals  between 
them  also;  their  function  is  to 
diminish,  when  required,  the 
calibre  of  the  trachea  by  ap- 
proximating the  ends  of  the 
cartilages.  Outside  these  are  a 
few  longitudinal  bundles  of  mus* 
cular  tissue^  which,  like  the  pre- 
ceding, are  attached  both  to  the 
fibrous  and  cartilaginous  frame- 
work. 

The  mucous  membrane  con- 
sists to  a  great  extent  of  loose 
lymphoid  tissue,  separated  from 
the  cUiated  epithelium  (fig.  322) 
which  Unes  it  by  a  homogeneous 
basement  membrana  In  the 
deeper  part  of  the  cerium  of  the 
mucous  membrane  are  many 
elastic  fibres,  between  which  lie 
connective-tissue  corpuscles  and 
capillary  blood-vessels. 

Numerous  mucous  glands  are 
situated  in  the  substance  of  the 
mucous  membrane  of  the  trachea ; 
their  ducts  perforate  the  various 
structuras  which  form  the  wall 
of  the  trachea,  and  open  through  the  mucous  membrane  into  the 
interior  (tig.  319). 

The  two  bronchi  into  which  the  trachea  divides,  of  which  the 
right  is  shorter,  broader,  and  more  horizontal  than  the  left  (fig,  317), 
resemble  the  trachea  in  structure,  with  the  difference  that  in  them 
there  is  a  distinct  layer  of  unstriped  muscle  arranged  circularly 
beneath  the  mucous  membrane,  forming  the  mu&cularis  rmicmm.     On 


Fii  i«  ^  IO^^SmU cm  of  tlifi  tncLi  ;i  1 1 1  - 

m«mt)fKiWi  oonUJTiiii^  clfluitic  ribrea  cut  acroM 

culllftge^  i/p  by  nni>  Dbfoiis  tt«inw,  /;  h^  ^iternsl 
In vwtmtifii  of  II  m  flbraui  tiMfW.  ^,  K ,  Alcoclc.) 
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entering  the  substance  of  the  Itmgs  the  cartilaginous  rings,  although 
thej  still  form  only  larger  or  smaller  segments  of  a  circle,  are  no 
longer  confined  to  the  front  and  sides  of  the  tnbes,  but  are  distributed 
impartially  to  all  parte  of  their  circumference. 

The  bronchi  divide  and  subdivide,  in  the  substance  of  the  hmgs, 
into  a  number  of  amaller  and  smaller  branches  (bronchial  tubes), 
which  penetrate  into  every  part  of  the  organ,  until  at  length  they 
end  in  the  smaller  subdivisions  of  the  lungs  called  lahUes, 

All  the  larger  branches  have  walls  formed  of  fibrous  tissue,  con- 
taining portions  of  cartUaginous  rings,  by  which  they  are  held  open, 
and  unstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of 
elastic  tissue.  They  are  lined  by  mucous  membrane  the  surface  of 
which,  like  that  of  the  larynx  and  trachea,  is  covered  with  ciliated 
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Fio.  ISO.— Trmug.V4jrM  Mctlcm  of  &  bronehl&l  tube^  &boQt  |  Inch  In  dlHmsLer.    c,  Bpit]3L«iUiii£i  (cUitlt^Hl) 
tminediAt^ly  beneath  It  is  the  codum  of  the  mucous  EDembmne,  of  vjuylDg  thickneiJi  i  m.,  tfimmlKt 
Lnjer;  i^m,  suhmucouA  tiune;  /,  fUbroqA  tiwug;  c,  rATtUns^  encloned  irfihin  the  libera  of  flhrouH 
tUaue;  g^  hiucoua  glJind.    {F,  E.  Bchtilte.) 

epithelium,  but  the  several  layers  become  lees  and  less  distinct  until 
the  lining  coneista  of  a  single  layer  of  short  columnar  cells  covered 
with  cilia  (fig.  320).  The  mucous  membrane  is  abundantly  provided 
with  mucous  glands. 

As  the  subdivisions  become  smaller  and  smaller,  and  their  walls 
thinner,  the  cartilaginous  rings  become  scarcer  and  more  irregular, 
until,  in  the  smaller  branchial  tubes,  they  are  represented  only  by 
minute  and  scattered  cartilaginous  flakes.  When  the  bronchial  tubes, 
hy  successive  branchings,  are  reduced  to  about  -|V  of  an  inch  ("6  mm*) 
in  diameter  they  lose  their  cartUagiuous  element  altogether,  and  their 
walls  are  formed  only  of  a  fibrous  elastic  membrane  with  circular 
muscular  fibres;  they  are  still  lined,  however,  by  a  thin  mucous 
membrane  with  ciliated  epithelium,  the  length  of  the  cells  bearing 
the  cilia  having  become  so  far  diminished  that  the  ceUs  are  now 
cubical     In  the  smaller  bronchial   tubes  the   muscular  fibres  are 
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relatively  more  abundant  than    in   the   larger   ones,  and   form   a 
distinct  circular  coat. 

Th£  Lungs  and  Fl^wrm. — The  lungs  occupy  the  greater  portion  of 
the  thorax.     They  are  of  a  spongy  elastic  texture,  and  are  composed 
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Fjo.  331.— Tmutvene  i^ctlou  uT  tlie  chest* 

of  numerous  minute  air-^cs,  and  on  sectioa  every  here  and  there  the 
air-tubes  may  be  seen  cut  acroaa.  Any  fragment  of  long  (unless 
from  a  child  that  has  never  breathed,  or  in  eaaas  of  disease  in  which 
the  lung  is  consolidated)  floats  in  water  \  no  other  tissue  does  this. 

Each  lung  is  enveloped  by  a  serous  membrane^ — the  pleura,  one 
layer  of  which  adheres  closely  to 
its  surface,  and  provides  it  with  its 
smooth  and  slippery  covering,  while 
the  other  adheres  to  the  inner  sur- 
face of  the  chest- walL  The  con- 
tinuity of  the  two  layers*  which 
form  a  closed  sac,  as  in  the  case  of 
other  serous  membranes,  will  be 
best  understood  by  reference  to  fig- 
32 L  The  appearance  of  a  space, 
however,  between  the  pleura  which 
covers  the  lung  {visceral  layer)  and 
that  which  lines  the  inner  surface 
of  the  chest  {parietal  layer)  is  in- 
serted in  the  drawing  only  for  the 
sake  of  distinctness.  It  does  not 
really  exist.  The  layers  are,  in  health,  everywhere  in  contact  one 
with  the  other;  and  hetween  them  is  only  just  so  much  fliud  as  will 
ensure  the  lungs  gliding  easily,  in  their  expansion  and  contraction, 
on  the  inner  surface  of  the  parietal  layer,  which  Hues  the  cheat*walL 


tT^chfft.   a,  I^erof  loEigitndiDAUjrATtmDged 


fhUv  devflloped  and  bearliiK  cilia. 
(KijUlker.) 
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If,  however,  an  opeaing  is  made  so  aa  to  permit  air  or  fluid  to 
enter  the  pleural  aac,  the  lung,  in  virtu©  of  its  ekaticityp  recoils,  and 
a  consicierable  apaoe  is  left  between  it  and  the  chest-walL  In  other 
words,  the  natural  elasticitj  of  the  lungs  would  cause  them  at  all 
times  to  contract  awaj  from  the  riba  were  it  not  that  the  contraction 
is  resisted  by  atmospheric  pressure  which  bears  only  on  the  inner 
surface  of  the  air-tubes  and  air-sacs.  On  the  admission  of  air  into 
the  pleural  sac  atmospheric  pressure  bears  alike  on  the  inner  and 
outer  surfaces  of  the  lung,  and  their  elastic  recoil  is  no  longer 
prevented. 

Each  lung  is  partially  subdivided  into  separate  portions  called 
lobes ;  the  right  lung  into  three  lobes,  and  the  left  into  two.     Each 
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Feu.  3SB.— TennlnAl  brinah  of  &  broiicliU) 
tube,  witb  Hs  fiifiiiidJbtita  and  iir-ii»ca, 
ftom  thfl  mansin  of  thn  Juag  of  a  niDukey, 
ij^Jacbfld  with  qaiclulker^  a,  T«rmlnftl 
broDchlnl  twig ;  h  b^  l&fUudibulfl  and  mat* 


riiu    324.— Two  %m%\\    Inntadibula    or 

r«rtp«  of  air-BKS,  a  d,  with  %\v-*m£^t 
h^  »nd  t)x<9  ultLmate  bronclilil  tubes, 
e  r,  with  which  the  sir-sytcj  eom- 
munlcate.  Frotn  n  n«w-boni  cbiltL 
(Kiillik^r.) 


of  these  lobes,  again^  is  composed  of  a  large  number  of  minute  jiarts, 
called  lobvles.  Each  pulmonary  lobule  may  be  considered  to  be  a 
lung  in  miniature,  consisting,  as  it  does,  of  a  branch  of  the  bronchial 
tube,  of  air-saea,  blood -vessels,  nerves,  and  lymphatics,  with  a  sparing 
amount  of  areolar  tissue. 

On  entering  a  lobule,  the  small  bronchial  tube,  the  structure  of 
which  has  just  been  described  (^,  fig.  323),  divides  and  subdivides; 
its  walls  at  the  same  time  become  thinner  and  thinner,  until  at 
length  they  are  formed  only  of  a  thin  membrane  of  areolar,  muscular, 
and  elastic  tissue,  lined  by  a  layer  of  pavement  epithelium  not  pro* 
vided  with  cilta.  At  the  same  time  they  are  altered  in  shape ;  each 
of  the  minute  terminal  branches  widens  out  funnel- wise,  and  its 
walls  are  pouched  out   irregularly  into  small   saccular   dilatations, 
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called  air-sues  (fig,  323,  J).  Suoh  a  funnel-etiaped  terminal  braDch 
ol  the  bronchial  tube,  with  its  group  of  pouches  or  air-aacs,  is  called 
an  infundihulum  (figs,  323,  324),  and  the  irregular  obloog  spaee  in 
its  centre,  with  wliich  the  air-sacs  conHiiunicate,  an  mierceUular 
passage. 

The  air-sacs,  or  air-veaiclea,  may  be  placed  singly,  like  recesBes 
from  the  intercellular  passage,  but  more  often  they  are  arranged  in 
groups,  or  even  in  rows,  like  minute  sacculated  tubes ;  8o  that  a  short 
series  of  vesicles,  all  comrannieating  with  one  another,  open  by  a 
common  orifice  into  the  tube.  The  vesicles  are  of  various  forms, 
according  to  the  mutual  pressure  to  which  they  are  subject ;  their 
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Fio.  1125,— Section  of  Jung  stalnod  wltU  sUyht  nltrmtfi.  A*  D.,  aKeolftf  duct  qt  mterCTWnlftr  pMsigPt 
3>  AJiveQljhr  lapta;  N,  alveoU  or  Aii--«Ac«i„  Uii«il  n^jth  lAjf]£«  O^t  oelln,  witU  iome  i&aall«;  polyHedr*! 
oaUi ;  M,  plain  manciilar  Qbrsa  inmniodflBg  %he  iJyiMjlir  duct.    (Klein  mad  Noble  Smlth,^ 

walla  are  nearly  in  contact,  and  they  vary  from  ^^V^h  to  Vf^I*  of  an 
inch  (5  to  '3  mm,)  in  diameter.  Their  walla  are  formed  of  fine 
membrane,  like  those  of  the  intercellular  passage;  this  membrane 
ifi  folded  on  itself  so  as  to  form  a  sharp-edged  border  at  each  circular 
orifice  of  comniunication  between  contiguous  air-vesicles,  or  between 
the  vesicles  and  the  bronchial  passages.  Nuraerous  fibres  of  elastic 
tissue  are  spread  out  between  contiguous  air-sacs^  and  many  of  these 
are  attached  to  the  outer  surface  of  the  fine  membrane  of  which  each 
sac  is  composed,  imparting  to  it  additional  strength  and  the  power  of 
recoil  after  distension.  The  vesicles  are  lined  by  a  layer  of  pavement 
epithelium  (tig,  325)  not  provided  with  cilia.  Outside  the  air-vesicles 
a  network  of  pulmonary  capillaries  is  spread  out  so  densely  (fig.  326) 
that  the  interspaces  or  meshes  are  even  narrower  than  the  vessels 
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which  are,  on  an  average,  aoVo^^  ^^  *^  ^^^  (^m)  ^^  diameter. 
Betwe&n  the  air  in  the  sacs  and  the  blood  in  these  vessels  nothing 
intervenes  but  the  thin  walls  of  the  air-sacs  and  of  the  capillaries ; 
and  the  exposure  of  the  blood  to  the  air  is  the  more  complete, 
because  the  folds  of  membrane  between  contiguous  air-aaca,  and 
often  the  spaces  between  the  walls  of  the  same,  contain  only  a  single 
layer  of  capillaries,  both  sides  of  which  are  thus  at  once  exposed  to 
the  air.  The  arrangement  of  the  capillaries  is  shown  on  a  larger 
scale  in  fig.  23S  (p.  222). 

The  vesicles  of  adjacent  lobules  do  not  communicate;  fio  that, 
when  any  bronchial  tube  is  closed  or  obstructed,  the  supply  of  air  is 
lost  for  all  the  sacs  opening  into  it  or  its  branches. 


M^H 


Slood-mpply. — The  lungs  receive  blood  from  two  sources,  (a)  the 
pulmonary  artery,  (6)  the  bronchial  arteries.  The  former  conveys 
v&naii^  blood  to  the  lungs  to  be  arterialised,  and  this  blood  takes  no 
share  in  the  nutrition  of  the  pulmonary  tissues  through  which  it 
passes.  The  branches  of  the  bronchial  arteries  convey  arterial  blood 
from  the  aorta  for  the  nutrition  of  the  walls  of  the  bronchi,  of  the 
larger  pulmonary  vessels,  of  the  interlobular  connective-tissue,  etc. ; 
the  blood  of  the  bronchial  vessels  is  returned  chiefly  through  the 
bronchia!  and  partly  through  the  pulmonary  veins. 

Lymphatics.— T\iQ  lymphatics  are  arranged  in  three  sets: — 1, 
Irregular  lacuniie  in  the  walls  of  the  alveoli  or  air-sacs.  The  lym- 
phatic vessels  which  lead  from  these  accompany  the  pulmonary 
vessels  towards  the  root  of  the  lung*  2.  Irregular  anastomosing 
spaces  in  the  walls  of  the  bronchi.  3.  Lymph-spaces  in  the  pul- 
monary pleura.     The  lymphatic   vessels  from  aU  these  irregular 
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ainuBes  pass  io  towards  the  root  of  the  lung  to  reach  the  bronohial 
lymphatic  glands. 

Nerves.^— The  nervaa  of  the  lung  are  to  be  traced  from  the  anterior 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of 
the  vagus  and  sjmpathetiG,  The  nerves  follow  the  course  of  the 
veasels  and  bronchi,  and  in  the  walls  of  the  latter  many  small  ganglia 
are  situated. 

The  Respiratory  Mechanisiu* 

BeapiratioE  consists  of  the  alternate  expansion  and  contraction  of 
the  thorax,  by  means  of  which  air  is  drawn  into  or  expelled  from  the 
lungs.     These  acts  are  called  InspirtUwn  and  Etx^iration  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that 
is  necessary  is  such  a  movement  of  the  side- walls  or  floor  of  the 
chest,  or  of  both,  that  the  capacity  of  the  interior  shall  be  enlarged. 
By  such  increase  of  capacity  there  will  be  a  diminution  of  the  pressure 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
larynx  and  trachea  to  equalise  the  pressure  on  the  inside  and  outside 
of  the  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  is  also  evident 
that,  by  an  opposite  movement  which  shall  diminish  the  capacity  of 
the  cheat,  the  pressure  in  the  interior  will  be  increased,  and  air  will 
ba  expelled,  until  the  pressure  within  and  without  the  chest  are  again 
equal.  In  both  cases  the  air  passes  through  the  trachea  and  larynx, 
whether  in  entering  or  leaving  the  lungs,  there  l)eing  no  other  com* 
munication  with  the  exterior  of  the  body ;  and  the  lung,  for  the  same 
reason,  remains,  under  all  the  circumstances  described,  closely  in 
contact  with  the  walls  and  floor  of  the  chest.  To  speak  of  expansion 
of  the  chest,  is  to  Bpeak  also  of  expansion  of  the  lung.  The  move- 
ments of  the  lung  are  therefore  passive,  not  active,  and  depend  on 
the  changes  of  shape  of  the  closed  cavity  in  which  they  are  contained, 
A  perforation  of  the  chest-wall  would  mean  that  the  lung  on  that 
side  would  no  longer  be  of  use ;  a  similar  injury  on  the  other  aide 
(double  pneumothorax)  would  cause  death-  If  the  two  layers  of  the 
pleura  were  adherent,  those  portions  of  tJie  lung  would  be  expanded 
most  where  the  movements  of  the  chest  are  greatest.  The  existence 
of  the  two  layers  prevents  this,  and  thus  the  lung  is  equally  expanded 
throughout. 

Inspiration.* — The  enlargement  of  the  chest  in  inspiration  is  a 
muscular  act ;  the  effect  of  the  action  of  the  inspiratory  muscles  ifl] 
an  increase  in  the  size  of  the  chest-cavity  in  the  vertical,  and  in  the' 
lateral  and  antero-posterior  diameters.  The  muscles  engaged  in 
ordinary  inspiration  are  the  diaphragm ;  the  external  intercostals ; 
parts  of  the  internal  intercostals;  the  levatores  costarum;  and  ser- 
ratus  posticus  superior. 
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The  mriiml  diameter  of  the  chest  is  increased  by  the  contraction 
And  consequent  descent  of  the  diaphragm;  at  rest,  the  diaphragm  i^ 
dome-shaped  with  the  convexity  upwards;  the  central  tanaoii  forms 
a  slight  depression  in  the  middle  of  this  dome.     On  contraction  tl 
muscular  fibres  shorten,  and  so  the  convexity  of  the  double  dome 
lessened.      The  central  tendon  ia  drawn  down  a  certain  distance,  bi 
the  chief  movement  is  at  the  sides.     For  the  affective  action  of  tl 
muscloi  its  attachment  to  the  lower  ribs  is  kept  fixed  by  the  con^ 
traction  of  the  quadratus  lumborom.     The  diaphragm  is  supplied  bj 
the  phrenic  nerves* 

The  increase  in  the  latiral  and  antiro-posterior  diafneters  of  the 
chest  ia  effected  by  the  raising  of  the  ribs,  the  upper  ones  being  fixed 
by  the  scaleni.  The  greater  number  of  the  ribs  are  attached  very 
obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  tl 
sidea^ — the  hinder  ends  being  prevented  from  performing  any  npwar 
movement  by  their  attachment  to  the  spine.  The  movement  of  the 
front  extremities  of  the  riba  is  of  necessity  accompanied  by  an  upward 
and  forward  movement  of  the  sterDum  to  which  they  are  attache ' 
the  movement  being  greater  at  its  lower  than  at  its  upper  end. 

The  muscles  by  which  the  ribs  are  raiseiil,  in  ordinary  quiet  inspira- 
tion, are  the  es^ternal  intercosials,  and  that  portion  of  the  internal  inter- 
cosiaU  wMch  ia  situated  lietween  the  costal  cartilages ;  and  these  are 
assisted  by  the  hvatores  costamm,  and  the  serraius  posticus  superior. 

In  esctraordinary  or  forced  inspiration,  additional  muscles  are 
pressed  into  service,  such  as  the  sisriwmastmd,  the  serratus  magnns, 
the  pectorales,  and  the  trapezius.  Laryngeal  and  face  muscles  also 
come  into  play. 

The  expansion  of  the  chest  in  inspiration  presents  some  peculi- 
arities in  different  persons.  In  young  children,  it  is  effected  chiefly 
by  the  diaphragm.  The  movement  of  the  abdominal  wails  being  here 
more  mBnifest  than  that  of  any  other  part,  it  is  usual  to  call  this  the 
abdominal  type  of  respiration.  In  men,  together  with  the  descent  of 
the  diaphragm,  and  the  pushing  forward  of  the  front  wall  of  the 
abdomen,  the  chest  and  the  sternum  are  subject  to  a  wide  movement 
in  inspiration  (inferior  eostcd  type).  In  women,  the  movement 
appears  less  extensive  in  the  lower,  and  more  so  in  the  upper,  part  of 
the  chest  {superio7*  costal  type). 

There  are  also  differences  in  different  animals.  In  the  frog,  for 
example,  the  air  is  forced  into  the  lungs  by  the  raising  of  the  floor  of 
the  mouth,  the  mouth  and  nostrils  being  closed 

Bxpiration. — From  the  enlargement  produced  in  inspiration,  the 
chest  and  lungs  return,  in  ordmary  tranquil  expiration,  by  their 
elasticity ;  the  force  employed  by  the  inspiratory  muscles  in  distend- 
ing the  chest  and  overcoming  the  elastic  resistance  of  the  lungs  and 
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chest-walls,  is  returned  as  an  expiratory  effort  when  the  rauscles  are 
relaxed.  This  elastic  recoil  of  the  chest  and  Ivmgs  is  sufficient,  in 
ordinary  quiet  breathing,  to  expel  air  from  the  lungs  in  the  intervals 
j^of  inspiration,  and  no  muscular  power  ia  required.  In  all  voluntary 
expiratory  efforts,  however,  as  in  speaking,  singing,  blowing,  and  the 
like,  and  in  many  involuntary  actions  also,  as  sneezing,  coughing, 
etc,i  something  more  than  merely  passive  elastic  power  is  neceasaiy, 
and  the  proper  expiratory  muscles  are  brought  into  action.  Tho 
chief  of  the-se  are  the  abdominal  muscles,  which,  by  pressing  on  the 
viscera  of  the  abdomen,  push  up  the  floor  of  the  chest  formed  by  the 
diaphragm,  and  by  thus  making  pressure  on  the  lungs,  expel  air  from 
them  tlu^ough  the  trachea  and  larynx,  AH  muscles,  however,  which 
depress  the  ribs,  must  act  also  as  musclea  of  expiration,  and  therefore  we 
must  conclude  that  the  abdominal  muscles  are  assisted  in  their  action  by 
the  interosseous  part  of  the  inUmul  intercostais,  the  triangularis  stemit 
the  serratus  posticus  inferior,  and  qtuidratus  lumhorum.  When  by 
the  efforts  of  the  expiratery  muscles,  the  chest  has  been  squeezed  to 
less  than  its  average  size,  it  again,  on  relaxation  of  the  muscles, 
returns  to  the  normal  dimensions  by  virtue  of  its  elasticity.  The 
construction  of  the  chest-walls,  therefore,  admirably  adapts  them  for 
recoiling  against  and  resisting  as  well  undue  contraction  as  undue 
dilatation.  In  the  natural  condition  of  the  parts,  the  lungs  can 
never  contract  to  the  utmost,  but  are  always  more  or  lees  "  on  the 
stretch,"  being  kept  closely  in  contact  with  the  inner  siurface  of  the 
chest  walls. 


Mtitliods  of  recording  ReepiratorF  Movements. 

The  moye meats  of  respiration  may  be  recorded  craphit^iilly  in  several  ways. 
One  method  is  to  intrcwluc.'e  a  tubt^  into  the  trachea  ot  an  aniniaJ^  and  to  connect 
this  tube  by  some  gutta-percha  tubing  with  a  T^pit^e  introduced  into  the  cork  of  a 
lar^b^ittLef  the  other  end  of  the  T  having  attached  to  it  a  stt^ond  piece  of  tubjng« 
which  can  re  main  open  or  can  be  piirtially  or  completely  closed  by  rocjinsof  a  screw 
clamp.  Into  the  cork  is  inserted  a  sei-ond  piece  of  glass  tubing  connected  with  a 
Marey's  tambour  by  suitable  tubing.  This  second  tube  communicates  any  altera- 
tion of  the  pressure  in  the  bottle  to  the  tambour.  Had  this  nuiy  be  made  to  write  on 
a  recording  surface. 

There  are  various  instruments  for  recording  the  movement"^  of  the  chest  by 
application  of  apparatus  to  the  e3(.tcrior«  Such  is  the  Btetbograph  of  Burdon- 
Sanderson  (fig.  '^2B. )  This  consists  of  a  frame  formed  of  two  parallel  steel  bars 
joined  by  a  third  at  one  end.  At  the  free  end  of  the  bars  is  attached  a  leather  strap, 
by  means  of  which  the  apparatus  may  l>e  suspended  from  the  neck*  Atbiched  to 
the  inner  end  of  one  bar  is  a  tambour  and  ivory  bultou,  to  the  end  of  the  other  an 
ivorj''  button.  When  in  use,  the  apparatus  is  suspended  with  the  transverse  h&r 
posteriorly,  the  button  of  the  tambour  is  placed  on  tlie  part  of  the  chest  the  move- 
ment of  which  it  is  desired  to  record,  and  the  other  button  is  made  to  press  upon 
!  corresponding  point  on  the  other  side  of  the  chest,  so  tliat  the  chest  is,  as  it 
re,  held  between  a  pair  of  callipers.  The  tambour  is  connected  by  tubing  and  a 
X-piece  with  a  reconling  tambour  and  with  a  ball,  by  means  of  which  air  can  be 
squeezed  into  the  cavity  of  the  tambour.  When  in  work  the  tube  connected  with 
the  air  ball  is  shut  off  by  means  of  a  screw  clamp.  The  movement  of  the  chest  is 
thus  communicated  to  the  recording  tambour. 
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sure  of  uir  in  the  bag  produced  by  the  movements  of  the  chest  are  communicutGd 
to  «  rercirdiiig  tambour  This  apparatus  is  a  simplified  form  of  Marey*s  fitetlio- 
graph  {fig.  3*i7)i 

The  variations  of  intrapleural  pit^surc  may  be  rccortletl  by  the  introduction  of 
a  cannula  Into  the  pleural  t  avity,  which  h  connected  with  n  nicpt^unal  manometer. 

Fiiiaily*  it  has  been  found  possible  in  various  ways  to  rerord  the  diaphragmatic 
movements  b.V  the  insertion  of  an  einstir  bag  eon  net  ted  with  a  tambour  into  the 
abdomen  helow  it  (phrenoffraphl  by  the  insertion  of  needles  into  different  parts 
of  its  structure*  or  by  rerordinf^  tte  contraction  of  isolated  strips  of  the  diaphra^^m. 
Such  a  strip  attached  in  tlie  rabbit  to  the  xiphisternal  cartilage  may  be  detached, 
and  attached  by  a  thread  to  a  recording  lever.  This  method  \^'as  largely  used  by 
HeJid  ;  this  strip  series  as  a  sample  of  the  diaphragm. 

Fig*  3liD  shows  a  tracing  obtained  in  this  way  ;  but  in  trat'in|fs  taken  with  a 
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stethograph,  or  any  of  the  numerous  arrangenjents  of  tambours  which  are  applied  to 
the  chest-ways  of  men  and  animals,  the  Large  up-and^loHTi  strokes  due  to  til e 
respiratory  movements  have  upon  them  smaller  waves  due  to  heart-beats. 

The  acts  of  expansinn  ami  contraction  of  the  chest  take  up  a 
iieariy  equal  time.  The  act  of  inspiring  air,  however,  ospecially  in 
women  and  children,  is  a  little  shorter  than  that  of  expelling  it,  and 
there  is  commonly  a  very  slight  pause  between  the  end  of  expiration 
and  the  beginning  of  the  next  inspiration. 

If  the  ear  is  placed  in  contact  with  the  wail  of  the  chest,  or  is 
separated  from  it  only  hj  a  good  conductor  of  aonnd  or  stethoscope, 
a  faint  respiratory  or  vesicular  mu7*7nur  is  heard  during  inspiration* 
This  sound  varies  somewhat  in  different  parts — ^being  loudest  or 
coarsest  in   the   neighbourhood  of   the  trachea  and   large   bronchi 


356 


EBSPIBATIOK 


[CH,  xxnr. 


(tiBohaal  and  bronchial  breathing),  and  fading  off  into  a  faint  aigliiiig 
as  the  ear  IB  placed  at  a  distance  from  these  (vesicular  breathing).  It 
is  beat  heard  in  children,  and  in  them  a  faint  miixmur  is  heard  in  ex- 
piration also.  The  cause  of  the  vesicular  murmur  has  received  various 
explanations ;  but  most  observers  hold  that  the  sound  is  produced  by 
the  air  passing  through  the  glottis  and  larger  tubes,  and  that  this 
sound  is  modifie<l  in  its  conduction  through  the  substance  of  the  lung. 
The  alterations  in  the  normal  breath  soimds,  and  the  various  additions 
to  them  that  occur  in  different  diseaaed  coBditians,  can  only  be 
properly  studied  at  the  bedside. 

During  the  action  of  the  muscles  vsrhich  directly  draw  air  into 
the  chest,  those  which  guard  the  opening  through  wMch  it  enters  are 
not  passive.  In  hurried  breathing  the  instinctive  dilatation  of  the 
nostrils  is  well  seen,  although  under  ordinary  conditions  it  may  not 
be  noticeahla  The  opening  at  the  upper  part  of  the  larynx  or  rima 
glottidis  is  slightly  dilated  at  each  inspiration  for  the  more  ready 
passage  of  air,  and  becomes  smaOer  at  each  expiration  ;  its  condition, 
therefore,  corresponds  during  respiration  with  that  of  the  walls  of 
the  chest.  There  is  a  further  likeness  between  the  two  acts  in  that, 
under  ordinary  circumstances,  the  dilatation  of  the  rima  glottidis  is 
a  muscular  act  and  its  narrowing  chiefly  an  elastic  recoil 

Terms  used  to  express  Quantity  of  Air  breathed. — a.  Tidai 
(tiT  is  the  quantity  of  air  which  is  habitually  and  almost  uniformly 
changed  in  each  act  of  breathing.  In  a  h^thy  adult  man  it  averages 
about  500  C.C.,  or  rather  more  than  30  cubic  inches,  according  to  the 
recent  measurements  made  by  Haldana  This  will  be  expanded  at 
body  temperature  to  600  c.c.  It  will  be  seen  that  this  amount  of  air 
is  not  sufiBcient  to  fill  the  lungs.  Haldane  gives  the  capacity  of 
the  upper  air  passages  and  bronchial  tubes  as  200  c.c,  and  if  this 
estimate  is  correct,  al*out  a  third  of  the  tidal  air  is  required  to  fill 
this  dead  space.  At  the  end  of  an  expirationj  however,  the  tubes 
and  alveoli  are  not  empty  of  air,  and  the  sudden  inrush  of  atmos- 
pheric air  during  inspiration  effects  a  complete  mixture  of  this  air 
with  that  left  in  the  air  passages ;  the  air  in  the  axial  stream  of  the 
current  will  penetrate  as  far  as  the  alveoli,  but  what  is  sucked  into 
the  alveoH  is  mainly  some  of  the  mixture  from  the  bronchial  passages, 
and  that  in  turn  is  derived  from  the  mixture  (containing  more  atoios- 
pheric  air  in  proportion)  in  the  upper  air  cavities,  *  During  expiration 
the  air  which  leaves  the  lungs  will  come  in  part  from  the  alveoU,  but 
the  effect  of  the  stream  of  outgoing  air  is  mainly  as  before,  to  effect  a 
thorough  admixture  of  the  air  in  the  intermediate  air  passages ;  thus 
the  alveolar  air  will  become  mixed  with  that  in  the  bronchial  tubes, 
and  that  in  turn  will  be  mixed  with  that  in  the  upper  air  chambers. 
In  a  succession  of  alternate  inspirations  and  expirations  adequate 
ventilation  is  secured,  but  obviously  the  composition  of  the  expired 
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air  m  not  the  same  as  that  of  alveolar  air,  for  the  latter,  though  it 
is  ultimately  breathed  out,  is  diluted  on  it8  upward  journey  by 
mixture  with  the  bronchial  air,  and  that  in  its  tura  with  the  air  of 
tlie  upper  air  chambers ;  in  other  words,  the  expired  air  is  alveolar 
air  (rich  in  carbon  dioxide)  diluted  with  bronchial  air  (richer  in 
oxygen)  and  with  atmospheric  air  (atill  richer  in  oxygen),  No  doubt 
diffusion  of  gasea  occurs  as  woll,  oxygen  diffusing  inwards  and  carbon 
dioxide  outwards,  but  this  molec^ular  movement  is  too  slow  to  be  of 

.any   real   use  in  aerating  the   blood,  for  almost  immediately  the 

*  irespiratory  movements  cease,  death  occurs, 

b.  Complemental  air  is  the  quantity  over  and  above  this  which 
can    be    dmwn    into    the  lungs   in    the    deepest  inspiration ;   its 

[amount  averages  100  cubic  inches,  or  about  1600  c,c* 

c.  I^&serve  or  stippkmental  air. — After  an  ordinary  expiration,  such 
as  that  which  expeb  the  breathing  or  tidal  air,  a  certain  quantity  of 
air,  about  100  cubic  inches  (1600  c,c.)  remains  in  the  lungs,  which 
may  be  expeOed  by  a  forcible  and  deeper  expiration.  Tiiis  is  termed 
reserve  or  suj^lemental  air. 

d.  Residual  air  is  the  quantity  which  still  remains  in  the  lungs 
after  the  most  violent  expiratory  effort.  Its  amount  depends  in  great 
measure  on  the  absolute  size  of  the  chest,  but  may  be  estimated  at 
abfjut  100  cubic  inches,  or  about  1600  c.c. 

Tho  total  quantity  of  air  which  passes  into  and  out  of  the  lungs 
of  an  adult,  at  rest,  in  24  hours,  varies  from  400,000  (Marcet)  to 
680,000  (Hutchinson)  cubic  inches.  This  quantity,  however,  is 
increased,  and  may  be  more  than  doubled  by  exertion, 

e.  Usspiratory  or  Vital  Capacity. — The  vital  capacity  of  the  cheat 
is  indicated  by  the  quantity  of  air  which  a  person  can  expel  from  his 
lungs  by  a  forcible  expiration  after  the  deepest  inspiration  poasiblo. 
The  average  capacity  of  an  adult,  at  16*4°  C\  (60^  R),  is  about  225  to 
250  cubic  inches,  or  3500  to  4000  ex.  It  is  the  sum  of  the  com* 
piemen tal,  tidal,  and  supplemental  air* 

The  rrifph*att/ry  vfipacity,  or  as  John  Hutrhinson  called  it*  r  it  ft  I  ciipacity,  in 
usually  meaisured  hy  a  moaified  gasometer  or  spiiomftprt  into  which  the  entperi- 
menter  breathes, — makinj^  the  most  pralonged  expiration  possible  after  the  deepest 
possible  in<ipimtion.  The  quantity  of  air  wliioh  is  thuh  expelled  from  ttie  ii^^f^^  it 
indicated  by  the  hei^^ht  to  whirh  the  alr-fhamber  of  the  spirnmeter  rises  ;  ana  by 
means  of  a  scale  placeil  in  connection  with  this,  the  number  of  cubic  inches  is  read 
_i)ff.  Haldane  measures  the  volume  of  air  expired  by  the  reduction  which  takes 
ee  in  the  vohmie  of  the  body  when  placed  within  a  plethyauiograph  Uirgc 
^enough  to  take  a  man,  wttii  the  exception  of  his  head* 

The  number  of  reBpirations  in  a  healthy  adult  person  usually  ranges 
from  14  to  18  per  minute.  It  is  greater  in  infancy  and  childhood. 
It  varies  also  much  according  to  different  circumstances,  such  as 
exercise  or  rest,  health  or  disease,  etc.  Variations  in  the  nunilter  of 
spirations  correspond  ordinarily  with   similar  variations   in    the 
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piilaations  of  the  heart.  In  health  the  proportion  ia  about  1  to  4, 
or  1  to  5,  and  when  the  rapidity  of  the  heart's  action  is  increased, 
that  of  the  chest  movement  is  commonly  increased  also  ;  but  not  in 
every  c^^se  in  equal  proportion.  It  happens  occasionally  in  disease, 
especially  of  the  lungs  or  air  passages,  that  the  number  of  respiratory 
acts  increases  in  quicker  proportion  than  the  beats  of  the  pulse ;  and, 
in  other  affections,  much  more  commonly,  that  the  nnniter  of  the 
pulse-beats  is  greater  in  proportion  than  that  of  the  respirations. 

The  ForcB  of  hispiratory  and  Expiratory  Muscles, — The  force  with 
whicli  the  inspiratory  muscles  are  capable  of  acting  is  greatest  in 
individuals  of  the  height  of  from  five  feet  seven  inches  to  five  feet 
eight  inches,  and  will  elevate  a  column  of  nearly  three  inches  (about 
60  mm.)  of  mercury.  Above  this  height  the  force  decreases  as  the 
stature  increases ;  so  that  the  average  of  men  of  six  feet  can  elevate 
only  about  two  and  a  half  inches  of  mercury.  The  force  manifested 
in  the  strongest  expiratory  acts  is,  on  the  average,  one-third  greater 
than  that  exercised  in  inspiration.  But  this  difference  is  in  great 
measure  dae  to  the  power  exerted  by  the  elastic  reaction  of  the  walla 
of  the  chest ;  and  it  is  also  much  influenced  by  the  disproportionate 
strength  which  the  expiratory  muscles  attain,  from  their  being  called 
into  use  for  other  purposes  than  that  of  simple  expiration.  The  force 
of  the  inapiratory  act  is,  therefore,  hotter  adapted  than  that  of  the 
expiratory  for  testing  the  muscular  strength  of  the  body.  (John 
Hutchinson,) 

In  ordinary  quiet  breathing,  there  is  a  negative  pressure  of  only 
1  mm,  during  inspiration,  and  a  positive  pressure  of  from  2  to  3  mm. 
mercury  during  expiration. 

The  infitrumcnt  used  by  Hutch inson  to  pcauge  the  inspiratory  and  (>xpimtory 
power  was  a  mercurial  manonieter,  to  whicli  wa.s  attached  a  tube  fitting  the  nostribi, 
and  through  which  the  inspiratory  or  expiratory  e^ort  m'os  made. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is 
employed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
the  lungs. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone  is 
about  6  mm.  of  niercurj.  This  is  estimated  by  tying  a  manometer 
into  the  trachea  of  a  dead  subject,  and  observing  the  rise  of  mercury 
that  occurs  on  puncture  of  the  chest-walla  If  the  chest  is  distendetl 
beforehand  so  aa  to  imitate  a  forcible  inspiration,  a  much  larger  rise 
(30  mm.)  of  the  mercury  is  obtained.  In  the  body  this  elastic  force 
is  assisted  by  the  contraction  of  the  plain  muscular  f]l:»res  of  the 
alveoli  and  bronchial  tubes,  the  pressure  of  which  probably  does  not 
exceed  1  or  2  mm.  Hutchinson  calculated  that  the  total  force  to  be  ' 
overcome  by  the  muscles  in  the  act  of  inspiring  200  cubic  inches  of 
air  is  more  than  450  lbs. 

It  is  possible  that  the  contractile  power  whicli  the  bronchial  tul)ea 
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and  air-vesicles  possess^  by  means  of  their  musmlar  fibres,  may  assist 
in  expiration ;  but  it  is  more  likely  that  the  chief  purpose  of  this 
muscular  tissue  is  to  regulate  and  adapt,  in  some  measure,  the 
quantity  of  air  adraitte^l  to  the  lungs,  and  to  each  part  of  tbem, 
according  to  the  supply  of  blood  t  the  muscular  tissue  also  contracts 
upon  and  gradually  expels  collections  of  mucus,  which  may  have 
accumulated  within  the  tubes,  and  which  cannot  be  ejected  by  forced 
expiratory  efforts,  owing  to  collapse  or  other  morbid  conditions  of  the 
portion  of  lung  connected  with  the  obstructed  tulies  (Gairdnor). 

The  Reapiratory  Centre. 

In  the  central  nervous  system  there  is  a  speciahsed  small  district 
called  the  re^iratary  cenire.  This  gives  out  impulses  which  travel 
down  the  spinal  cord  to  the  centres  of  the  spinal  nerves  that 
innervate  the  muaeles  of  respiration.  It  also  receives  various  afferent 
fibres,  the  most  important  of  which  are  contained  in  the  trunk  of  the 
vagus.  The  vagus  is  chiefly  an  afferent  nerve  in  relation  to  respira- 
tion. It,  however,  also  is  in  a  minor  degree  efferent,  for  it  supplies 
the  muscular  tissue  of  the  lungs  and  bronchial  tubes,  and  exercises  a 
trophic  influence  on  the  lung. 

The  respiratory  centre  was  discovered  by  Flourens ;  it  is  situated 
at  the  tip  of  the  calamus  scriptorius,  and  coincidea  in  position 
with  the  sensory  centre  of  the  vagus.  The  existence  of  subsidiary 
respiratory  centres  in  the  spinal  cord  has  been  mooted,  but  the 
balance  of  experimental  evidence  is  against  their  existence.  Flourens 
foimd  that  w^hen  the  respiratory  centre  is  destroyed,  respiration  at 
once  ceases,  and  the  animal  dies.  He  therefore  called  it  the  "  vital 
knot "  (noeud  vitale). 

The  centre  is  affected  not  only  by  the  afferent  impulses  which 
reach  it  by  such  nerves  as  the  vagus,  but  also  by  those  from  the 
cerebrum;  so  that  we  have  a  limited  amount  of  voluntary  control 
over  the  respiratory  movements. 

The  question  has  been  much  debated  whether  the  activity  of  the 
respiratory  centre  is  automatic  or  reflex.  The  word  autumatic  is  not 
a  very  happy  oue,  but  the  meaning  is  that  the  rhythmic  discharges 
pniceeding  from  the  centre  depend  on  local  changes  induced  by  tlie 
condition  of  its  blood  supply.  The  word  rejtm  implies  that  the 
rhythm  of  the  centre  is  due  to  the  stimulations  it  receives  from 
aflferent  nerves.  In  other  words,  the  question  before  us  is  whether 
we  have  to  deal  with  chemical  stimuli  via  the  blood,  or  with  nervouH 
stimuH  via  afferent  nerves.  There  is  no  doubt  that  under  normal 
circumstances  we  have  to  deal  with  both  kiiids  of  stimulus,  and  in 
abnormal  conditions  one  or  the  other  may  rise  into  prominence; 
thus  the  gi*eat  increase  of  respiratory  activity  (dyspnGsa)  whicli 
occurs  during  asphyxia,  is  undoubtedly  due  to  the  stimulation  nf 
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the  centre  by  the  great  increase  of  carbonic  acid  in  the  venous 
blooi  On  the  other  Hand,  the  effects  on  respiration  produced  by 
the  artificial  atimulation  of  nerves  are  extremely  pronounced. 

It  will  be  best  to  consider  the  two  kinds  of  stimuli  separately,  | 
and  we  will  take  the  norvons  stimuli  first 

The  Ker^ous  Cause  of  Respiration. 

During  fcEtal  life,  the  need  of  the  embryo  for  oxygen  is  small, 
and  is  amply  met  by  the  transference  of  oxygen  from  the  maternal 
blood  through  the  thin  walls  of  the  fcetal  capillaries  in  the  placenta. 
But  when  the  child  is  born,  this  source  of  oxygen  ia  no  longer  avail- 
able, and  the  Increaaing  venosity  of  the  blood  stimulates  the  respira- 
tory centre  to  action,  and  is  the  essential  cause  of  the  first  inspiratory 
efforts  the  new -born  child  makes  to  obtain  the  oxygen  it  requires  by 
breathing.  If  the  placental  circulation  is  stopped  while  the  child  is 
still  in  uUw,  respiratory  efforts  are  also  made.  But  in  the  new-bom 
cliildj  the  sensory  nerves  of  the  skin  have  also  an  effect,  and  the 
action  of  the  air  on  its  body  surface  ia  no  doubt  an  accessory  cause 
of  the  first  respirations,  and  these  may  in  feeble  children  be  increased 
by  stimulating  the  skin  for  instance  by  the  application  of  cold  water 
to  it.    This  in  lact  always  canses  deep  inspirations,  even  in  the  adult. 

There  are  many  other  nerves,  stimulation  of  which  influences  the 
respiratory  act;  for  instance,  stimulation  of  the  centra!  ond  of  the 
splanchnic s  causes  expiration.  Stimulation  of  the  centi'al  end  of  the 
glosso-pharyngeal  causes  an  inhibition  of  the  respiratory  movements 
for  a  short  period ;  this  accounts  for  the  very  necessary  cessation  of 
breathing  during  svirallowing.  Stimulation  of  the  central  end  of  the 
cut  superior  laryngeal  nervCi  or  of  its  terminations  in  the  mucous  mem* 
brane  of  the  larynx,  as  when  a  crumb  is  "  swallowed  the  wrong  way/* 
produces  an  increase  of  expiratory  efforts,  culminating  in  coughing. 

These  nerves,  however,  are  none  of  them  of  aucli  importance  or 
are  in  sucli  constant  action  as  the  vagi.  Still,  respiration  continues 
after  the  vagi  are  cut.  The  character  of  the  respiration  becomes 
altered,  especially  if  both  nerves  are  severed ;  it  is  slower  and  deeper. 
Tliis  is  due  to  the  cessation  of  the  impulses  that  normally  run  up  the 
vagi  to  the  respiratory  centre.  The  animal,  however,  lives  a  con- 
siderable time;  a  warm-blooded  animal  usually  dies  after  about  a 
week  or  ten  days  from  vagvs  pneumonia,  due  to  the  removal  of 
trophic  influences  from  the  lungs.  Cold-blooded  animals  live  longer; 
they  exhibit  fatty  degeneration  of  the  heart-muscle  also. 

We  may,  however,  best  descril>e  the  action  of  the  vagi  by  giving 
an  account  of  the  very  systematic  investigation  of  their  functions, 
which  was  carried  out  by  Dr  Head, 

His  method  of  recording  the  movements  was  by  means  of  that  con- 
venient slip  of  the  diaphragm  which  is  found  in  rabbits  (see  p.  355). 


CH,  XXIT,] 


THl  TAGUB   AKD   REBPTRATION 


361 


Hifl  method  of  dividing  the  vagus  was  by  freezing  it;  he  laid  it 
across  a  copper  wire,  the  end  of  which  was  placed  in  a  freeziJig 
mixture.  This  method  is  free  from  the  disadvantage  which  a  cut 
with  a  knife  or  scissors  possesses,  namely,  a  stimulation  at  the 
moment  of  section.  On  dividiag  one  vagus,  respiration  ttecame 
alighfciy  slower  and  deeper ;  on  dividing  the  s^ond  nerv^,  this  effect 
was  much  more  marked. 

On  exciting  the  centml  end  of  the  divided  nerve,  inspiratory 
efforts  increased  until  at  last  the  diaphragm  came  to  a  standstill  in 
the  inspiratory  position.  But  if  a  weak  stimulus  was  employed,  the 
reverse  was  the  case ;  the  expiratory  efforts  increased,  inspiration 
becoming  weaker  and  weaker,  until  at  last  the  diaphragm  stopped  in 
the  position  of  expiration. 

Most  of  these  facta  were  known  previously,  but  the  interpretation 
of  them,  in  the  light  of  further  experiments  immediately  to  be 
deseribed,  is  the  following : — 

That  there  are  in  the  vagus  two  sets  of  fibres,  one  of  which  pro* 
duces  an  increased  activity  of  the  inspiratory  part  of  the  respiratory 
centre,  and  the  other  an  increased  activity  of  the  expiratory  part  of 
that  centre.  Stimulation  of  the  first  stops  expiration  and  produces 
inspiration ;  stimulation  of  the  second  does  the  reverse. 

The  question  now  is.  What  is  it  that  normally  produces  this 
alternate  stimidation  of  the  two  sets  of  fibres  ?  If  we  discover  this 
we  shall  discover  the  prime  mo\dng  cause  in  the  alternation  of  the 
inspiratory  and  expiratory  acts. 
It  was  sought  and  found  in  the 
alternate  distension  and  con- 
traction of  the  air-vesicles  of 
the  lungs  where  the  vagus 
terminations  are  situated. 

In  one  series  of  experiments 
positim  mniilation  was  [ler- 
formed ;  that  is,  air  was  pumped 
repeatedly  into  the  lungs,  and  so 
increased  their  normal  disten- 
sion ;  this  was  found  to  decrease 
the  inspiratory  contractions  of 
the  diaphragm,  until  at  last 
they  ceased  altogether,  and  the 
diaphmgin  stood  still  in  the 
expiratory  position  (fig.  330,  A). 

In  a  second  series  of  ex- 
periments, negative  mntUation  was  pei  formed ;  that  is,  the  air  was 
pumped  repeatedly  out  of  the  lnngs,and  a  condition  of  collapse  of  the 
air^vesicles  produced.    This  was  found  to  incrsase  the  inspiratory  con- 


Fto.  :iau.-  Tracings  of  ilJAphngia.  Thft  upwmnl  mov«> 
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tractions  of  the  diaphragm,  expiration  liecame  less  and  less,  and  at  last 
the  diaphragm  assumed  the  position  of  inspiratory  standstill  (fig.  S30,B)* 

Distension  vf  tho  air-veBielos,  therefore,  stimnlatea  the  fibres  of  the 
vagus  which  excite  the  expiratory  phase  of  respiration;  collapse 
stimulates  those  winch  excite  the  inspimtory  phase. 

OMinary  respiration  is  an  alternate  positive  and  negative  ] 
ventilation,  though  not  so  excessive  as  in  the  experiments  just 
tlescribed.  Inspiration  is  positive  ventilation,  and  so  provides  the 
nervous  mechanisin  of  respiration  with  a  stimulns  that  le^ds  to 
expiration.  Expiration  is  a  negative  ventilation,  and  so  provides  the 
stimulus  that  leads  to  inspiration. 

It  is  proljable  that  of  the  two  sets  of  impulses,  those  which  are 
startal  by  the  inspiratory  movement  play  a  more  active  part  in  the 
regulation  of  respiration  than  those  started  by  the  expiratory  move- 
ment Gad  explains  the  latter  by  supposing  they  are  simply  due  to 
a  cessation  of  the  former,  or,  in  other  words,  that  there  only  exists 
one  class  of  afferent  fibres  in  the  vagus  concerned  in  respiration. 
This  view  has  not,  however,  met  with  general  acceptance. 

Apncea- — If  positive  and  negative  ventilation  are  used  together 
rapidly  and  alternately  at  a  rate  quicker  than  the  respiratory  rhythm, 
both  inspiratory  and  expiratory  processes  are  inhibited,  and  the  respira- 
tion ceases  for  a  short  tima  This  follows  naturally  from  the  experi- 
ments previously  descriljed.  This  can  i>e  done  on  an  animal  with  a 
pair  of  bellows  fixed  to  a  tube  in  the  trachea ;  or  vohmtarily  by  one- 
self taking  a  number  of  deep  breaths  rapidly.  This  condition,  called 
apnasa,  is  not  due,  as  at  one  time  supposed,  to  over -oxygenation  of  the 
blood,  but  is  produced  reflexly.  Under  normal  circumstances  arterial 
blood  is  always  full}^  oxygenated.  It  is  observed  if  inert  gases,  like 
nitrogen  or  hydrogen,  are  used  instead  of  air.  The  pause,  however, 
is  then  shorter,  as  the  blood  becomes  venous,  and  in  a  short  time 
stimulates  the  respiratory  centre  to  activity. 

Under  abnormal  circurastances,  namely,  after  division  of  the  vagi, 
apncBa  cannot  obviously  be  due  to  such  reflex  action.  Fredericq 
holds  that  even  ordinary  apncea  has  a  chemical  rather  than  a  nervous 
origin.  He  attributes  it,  ho%vever,  not  to  over-oxygenationj  but  to  a 
lessening  of  the  carbonic  acid  in  the  blood. 


The  Chemical  Cause  of  Eesplration. 

A  conaideraLi*>ii  ot  apiio^a  thus  leads  u.^  back  to  the  study  of  the 
chemical  stimuli  that  play  their  part  in  the  respiratory  process. 
Their  importance  has  been  recently  demonstrated  by  Haldane  and 
Priestley.  In  the  first  place,  they  introduced  a  new  and  simple 
method  of  obtaining  the  composition  of  the  air  in  the  alveoli.  It 
consists  in  collecting  a  sample  of  air  expired  at  the  end  of  a  deep 
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expiration  following  an  ordinary  quiet  inspiration,  and  another 
similar  sample  following  a  quiet  expiration;  the  me-an  of  the  two 
gives  the  composition  of  alveolar  air.  This  m  much  nimpler  than 
the  method  formerly  employed  by  Pfluger,  which  consisted  in 
pumping  off  the  air  fi^om  an  occluded  portion  of  a  dog's  lung  by 
means  of  a  iine  elastic  catheter  introduced  via  tlie  tracheii  and 
bronchus.  It  has  the  further  advantage  that  it  can  be  applied  to 
tho  human  subject. 

They  found  that,  under  constant  atmospheric  pressure,  in  man  the 
alveolar  air  contains  a  nearly  constant  percentagti  of  carbon  dioxide 
in  the  same  persoiL  In  different  individuals  this  percentage  varies 
somewhat,  but  averages  5'1  per  cent,  of  an  atmosphere  in  men. 
and  47  in  women  and  children. 

With  varying  atmospheric  pressures,  the  percentage  v^aries 
inversely  as  the  atmospheric  pressure,  so  that  the  pressure  or  tension 
of  the  carbon  dioxide  remains  constant  Tfie  oxygen  pressure, 
however,  varies  widely  under  the  same  conditions. 

These  observations  and  the  next  to  be  immediately  described 
fiirnisii  the  chemical  key  tu  the  cause  of  the  amount  of  pulmonary 
ventilation,  and  play  an  iniportant  part  in  conjunction  with  the 
respiratory  nervous  system  in  the  regulation  of  breathing.  For  the 
respiratory  centre  is  not  only  aflfected  by  the  impulses  reaching  it  by 
the  vagi  and  other  afferent  nerves,  but  it  is  also  very  sensitive  to 
any  rise  in  the  tension  of  carbon  dioxide  in  the  blofMJ  that  supplies 
it.  The  changes  in  the  tension  of  this  gas  in  the  arterial  hloo<l  are 
normally  proportional  to  the  changes  in  the  carbon  dioxide  pressure 
in  the  alveoli,  and  the  changes  in  t!ie  lung  alveoli  ai-e  transmitted  tt> 
the  respiratory  centre  by  the  blood.  They  found  that  a  rise  0  2  per 
cent,  in  the  alveolar  carbon  dioxide  pressure  is  sufficient  to  dt>nble 
the  amount  of  alveolar  ventilation  during  rest  During  work  the 
alveolar  carbon  dioxide  pressure  increases  slightly,  and  the  puhnonary 
ventilation  is  consequently  increased. 

Changes  in  the  oxygen  pressure  within  wide  limits  have  no  such 
influence;  the  normal  chemical  stimulus  to  respiration  is,  therefore, 
prosonee  of  an  increase  of  carbon  dioxide,  and  not  diminution  of 
oxygen.  If  these  limits  are  exceeded,  as  when  the  oxygen  pressure 
falls  below  13  per  cent,  of  an  atmosphere,  the  respiratory  centre 
begins  to  Lie  excited  by  want  of  oxygen,  for  the  alveolar  carbon 
dioxide  pressure  is  lower  than  normal  under  such  circumstances. 

We  have  seen  that  apnoea  is  the  name  given  to  the  cessation  of 
breathing  which  temporarily  follows  excessive  ventilation  of  the 
lungs,  as  when  one  takes  a  number  of  deep  breaths  in  rapid  succes- 
sion. The  deep  and  rapid  breathing  clears  out  the  carbon  dioxide  in 
the  alveoli  until  it  is  so  small  in  quantity  that  it  is  insufficient  to 
excite  the  respimtory  centre  vid  the  blood  to  action,  the  oxygen 
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pressure  at  the  same  time  remaining  sufficiently  high  not  to  excite 
the  centre  either.  Hence  breathing  ceases.  As  already  stated,  the 
old  idea  that  apncea  is  due  to  over-oxygenation  of  the  blood  has  been 
abundantly  disproved ;  but  Head  and  others  have  gone  to  an  extreme 
in  assuming  that  apnma  is  purely  nervous  in  origin.  Haldane,  like 
Fredericq,  considers  it  is  unnecessary  to  assume  the  existence  of  a 
vagus  apnoea  in  man  at  all  under  normal  circumstances.  In  normal 
breathing  both  nervous  and  chemical  factors  are  at  play;  it  is  prob- 
ably the  rhythm-  of  respiration  which  is  mainly  under  nervous  control. 
while  the  amount  of  ventilation  (dependent  uhiefly  on  the  d^tk  of 
each  respiratory  act)  is  especially  regulated  by  the  chemical  stimulus. 


Special  Kespiratory  Acts. 

C&ughing.~h\  the  act  of  coughing  there  is  first  of  all  a  deep  in- 
spiration, followed  by  an  exjiiration ;  but  the  latter,  instead  of  being 
easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed,  the 
glottis  being  momentarily  closed  by  the  approximation  of  the  vocal 
cords.  The  abdominal  muscles,  then  strongly  acting,  push  up  the 
viscera  against  the  diaphragm,  and  thus  make  pressure  on  the  air  in 
the  Imigs  until  its  tension  is  sufficient  to  noisily  open  the  vocal  cords 
which  oppose  its  outward  passage.  In  this  way  considerable  force  is 
exercised,  and  mucus  or  any  other  matter  that  may  need  expulsion 
from  the  air  passages  is  quickly  and  sharply  expelled  by  the  out- 
sti^eaming  current  of  air.  The  act  is  a  reflex  one,  the  sensory  surface 
which  is  excited  being  the  mucous  membrane  of  the  larynx,  and  the 
superior  laryngeal  nerve  is  the  afferent  nerve;  stimulation  of  other 
parts  of  the  respiratory  mucous  membrane  will  also  produce  cough, 
and  the  point  of  bifurcation  of  the  trachea  is  specially  sensitive. 
Other  sensory  surfaces  may  also  act  as  the  ^*  signal  surf  am"  for  a 
cough.  Thus,  a  cold  draught  on  the  skin,  or  tickling  the  external 
auditory  meatus,  in  some  people  will  set  up  a  cough. 

The  qiieation  has  been  discussed  whether  such  a  thing  as  a  stomach 
cough  exists;  it  has  not  been  produced  experimentally,  but  there  is  no 
reason  why  irritation  of  the  gastric  mucous  membrane,  supplied  as  it 
is  by  the  vagus,  should  not  cause  the  reflex  act  of  coughing. 

8ni€3Sing.—T!h.e  same  reniarka  that  apply  to  coughing  are  almost 
exactly  applicable  to  the  act  of  sneezing;  but,  in  this  instance,  the 
blast  of  air,  on  escaping  from  the  lungs,  is  directed,  by  an  instinctive 
contraction  of  the  pillars  of  the  fauces  and  descent  of  the  soft 
pal&td,  chiefly  through  the  nose^  and  any  offending  matter  is  thence 
expelled. 

The  "  signal  surface  "  is  usually  the  nasal  mucous  membrane,  but 
here,  as  in  coughing,  other  causes  (such  as  a  bright  light)  will  some- 
times set  the  reflex  going 


Miccau^h  is  an  involuntarj  sudden  contraction  of  the  diaphragm, 
lusing  an  inspiration  which  is  suddenly  aireBted  by  the  closure  of  the 
jlattis,  causing  a  characteristic  sound.    It  ariaes  from  gastric  irritation. 

Snoring  is  due  to  vibration  of  the  soft  palate. 

Sobbing  consists  of  a  series  of  convulsive  inspirations  at  the  moment 
of  which  the  glottis  is  partially  closed 

Sighing  and  Yawning  are  emotional  forms  of  inspiration,  the  latter 
associated  with  stretching  movements  of  jaws  and  limbs.  They  appear 
to  be  efforts  of  nature  to  correct,  by  an  extm  deep  inspiration^  the 
vanosity  of  the  blood  due  to  inactivity  produced  by  ennui  or  grief. 
Their  contagious  character  is  due  to  sympathy. 

Among  abnormal  disturbances  of  the  nervous  mechaniam  ol 
i-espiration,  the  following  diseases  must  be  mentioned:  laryngismus 
stridulus,  asthma,  and  whooping-couglL 

Oheyne-Stokes  respiration  is  due  to  rhythmical  activity  of  the 
respiratory  centre.     It  reminds  one  somewhat  of  the  Traul>e-Hering 


Fiq.  saL-Clieyne-Stokes  rf»iipfr*tlpn.    (Aaor  WiUur.) 

^wav^  due  to  a  similar  rhjiihmieal  activity  ^of  the  vaso-motor  centre, 
lit  is  seen  in  many  nervous  diseases  and  in  fatty  degeneration  of  the 

heart.     A  typical  tracing  of  the  condition  ia  given  above  (fig,  331), 

It  is  seen  to  a  slight  extent  during  ordiQary  sleep,  and  is  very  marked 

in  hibernating  animals, 

Pembrey  and  Pitts  have  recently  taken  graphic  records  of  this 

condition  in  the  liibemating  dormouse,  hedgehog,  marmot  and  bat, 


Flu,  ML— Cbflfue^lOkeA  rasiairaUun  w. .,  :  -  >  1 1  . i.|^  dtirniousu.  Tim  Hue  uimrktKl  T  K)^**  tJn^^  in  wx»ihJh^ 
Mfet  1  giTQs  th^  tracing  of  %  tr^pirat^iry  jL;roup  wUch  DCt^urred  onca  owry  ^  «ecoDdi,  tti«  tAmprim' 
turn  of  lfa«  ftnimftl  b^i-ag  11  C,  Uri  WArmbng  the  antmAl  to  IS^'C.  tM  rofipJimioiy  ^trnfM  bnutM 
mem  baqneot  (Urns  'JK  On  vhrEiiinh^  Oi»  anlmml  %%i\\  further  it  BWRksnefl»  And  fanftCblngt  cl  Onl 
teeompanled  by  ahiii'erliig,  bficiimf^  oontlniioins.    (Pctnbroy  Aiid  FitUp) 

In  Bome  cases  the  respiration  has  the  typical  Cheyne-Stokes  character, 
with  a  gradual  waxing  and  waning  (fig.  332).     In  other  cases  periods 
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of  reftpimfcory  activity  alternate  with  periods  of  apnoea,  but  aU  the 
roBpiratory  ©fiforta  are  about  equal  in  forca    (Biot'a  respiration,) 

Tlie  Effect  of  Respiration  on  the  Circulation. 

The  main  effect  of  respiration  on  the  circulatioa  is  shown  in  the 

accompanying  fi*^ire.     It  will  be  noticed  that  the  arterial  pressure 


Fw*  til.— CompariMJTi  of  blood^pn»ii»ur«  utirvd  witli  curve  of  lutm-tburaAiio  j^resftunf.  (To  bn  n»tl  fmiii 
keft  to  righiL)  a  1m  Ihfl  curve  of  blQoct'pmjigrn  with  it*  napiratory  undulmtion^,  thu  slower  bc«U 
on  hhn  tleacsai  being  veif  mukeA ;  tt  it  th«  £iirv«  of  Intra-thomcile  prettttr^  obUlned  by  croobectltig 
ono  limb  of  %  iti^HfOmttir  with  lh9  p\¥qt%\  cavity^  En^plmtlori  bwtiui  at  i  mud  eicpiratioD  at  r. 
Tbfl  IntTa-thoTicic  prmtDiH  risiw  vttry  npldly  after  th*  i^oisMtlfni  of  the  ln»pii*toiy  siKtit^  and  them 
Hibfrlf  tHUa  an  the  atr  iMusa  from  tbe  cheat;  at  the  bagLonftig  of  tlie  inspiratoiy  «flbrt  tlift  fail 
^tooiiiM  moro  rapid.    (M.  PoHtc;.) 

rises  with  inspiration  and  falls  with  expiration,  but  that  the  two 
events  are  not  quite  synchronous,  the  rise  of  pressure  beginning  a 
little  later  than  the  inepii'atory  act,  and  the  fall  a  little  later  than 
tlie  expiratory  act. 

It  will  also  be  seen  that  the  heart  beats  more  mpidly  during  the 
rise  of  blood-pressure  than  during  the  fall.  This  difference  disappears 
when  the  vagi  are  cut.  Respiratory  undulations,  however,  are  still 
presenti  though  not  so  marked  as  lief  ore;  henca  the  cardiac  variations 
awi  not  their  sole  cause.  They  are  chiefly  the  result  of  the  mechanical 
ccmdiliona  dependent  on  the  lungs  and  heart  with  its  large  vesaels 
liciiig  coiit&iii^  within  the  air-tight  thorax.  When  tlie  capacity  of 
ghft  f HmmT  in  inenaoaed  in  inspiration,  the  tension  of  the  lung  tissue 
[  m%Mi  expansion  is  increased ;  hence  the  dltlerence  between 
I  pressure,  and  that  in  the  lungs  (which  is  atmos- 
\  mfm  marked,  for  the  difference  of  pressure  is  to  be 
^  ^m  dwiic  force  of  the  lung  tending  to  produce  its 
'Xl  fti  iatra^thoradc  pressure  is  measured,  it  is  found  that 
^1^^^^  ^7  nun-  of  mercury  at  the  end  of  expiration  to 
i^  m4^i  inspLratioii ;  that  is  to  say,  from  5  to  7  to 
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30  mm.  less  bhan  the  atmospheric  pi-essiire  (760  mm,  of  mercm-j). 
The  pressure  outside  the  heart  and  large  vessels  ia  correapondiiigly 
diiuiixished  during  inspiration  to  the  same  ex  ten  t^  and  produces  its 
maiB  effect  (distension)  upon  the  veiua  because  they  are  never  fully 
distended,  and  because  the  pressure  within  them  is  ]ow.  This 
increase  iu  the  "  pressure  gradient  **  {l^.,  the  rale  of  fall  of  pressure) 
between  the  intra  and  (^*ttra  thoracic  great  veins  results  in  a  pro- 
portionately more  rapid  flow  of  blood  into  the  thorax,  and  therefore 
into  the  right  side  of  tlie  heart ;  for  within  certain  limits  the  right 
heart  can  be  easily  expanded  more  fully  if  a  greater  supply  of  blood 
is  provided.  Consequently,  the  output  from  the  right  side  increases, 
and  thus  vift  the  pulmonary  circuit  the  inflow  into  the  left  heart  is 
increased;  in  its  turn,  therefore,  the  output  from  the  left  ventricle 
■rises,  and  so  the  aortic  pressure  is  raised.  If  the  aorta  and  its 
[branches  witliin  the  thorax  were  as  undistended  as  the  veins  and 
jht  auricle,  this  effect  would  be  counteracted,  but  inasmuch  as  the 
[>rta  and  arteries  are  thick -walled  and  already  fully  distended,  an 
increased  inflow  into  them  must  lead  to  a  further  rise  of  pressure. 
Por  we  may  altogetlier  neglect  the  change  in  rate  of  flow  along  these 
vessels  due  to  the  change  in  pressure  gradient,  not  because  it  is 
insufficient  in  itself  to  produce  a  distinct  change  in  the  flow,  if  the 
blood  were  free  to  move  easily,  but  because  the  outflow  from  the 
arteries  has  to  take  place  tlirough  a  high  peripheral  resistance,  and 
this  small  pressure  change  is  not  able  to  exert  any  appreciable  effect 
in  accelerating  the  flow  through  such  a  high  peripheral  resistance. 
We  must  note,  too,  that  the  change  in  pressure  gradient  would  tend 
to  decrease  the  outflow,  not  to  increase  it.  AH  these  conditions  are 
reversed  when,  with  the  expiratory  act,  the  thorax  returns  to  its 
former  size,  and  the  arterial  blood-pressure  falls  in  consequence. 

The  effect  of  inspiration  on  arterial  blood- pressure  is  at  first 
assisted  by  the  pressure  of  the  diaphragm  as  it  descends  on  the 
aMominal  veins,  and  blood  is  thus  sent  upwards  into  the  chest  by 
the  vena  cava  inferior.  On  the  other  hand,  this  is  to  some  extant 
counterbalanced  by  the  obstruction,  in  the  passage  of  the  blood 
downwards  in  the  abdominal  aorta,  and  upwards  from  the  veins  of 
the  lower  extremities,  but  again  the  veins  are  the  vessels  more  easily 
uifluenced  by  moderate  changes  in  external  pressura 

We  now  come  to  the  cause  of  the  delay  we  have  noted  in  the 
blood -pressui'e  tracing  in  following  the  respiratory  movements.  One 
effect  of  the  diminiBhed  intra* thoracic  pressure  which  occurs  during 
inspiration  is  an  increase  in  the  capacity  of  the  pulmonary  capillaries, 
and  thus,  though  more  blootl  is  sent  into  the  pulmonary  circulation, 
the  residting  increase  in  outflow  is  for  a  time  delayed  because  the 
capacity  of  the  pulmonary  vessels  has  simultaneously  become  greater* 
Ad  soon  as  this  increase  in  capacity  is  satis  fled,  the  accelerated  flow 
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from  the  right  heart  makes  itself  felt  on  the  left  side  with  the  results 
already  explained.  In  some  animals,  such  as  the  rabbit,  the  rise  of 
blood'pressure  occurs  during  oxpiration,  and  the  fall  accompanies 
inspiration.  This  is  simply  because  the  rabbit  is  an  animal  which 
breathes  very  quickly ;  we  have  seen  there  is  a  delay  in  the  inspiratory 
rise  of  pressure ;  if  the  animal  breathes  quickly  enough,  inspiration 
is  over  and  expiration  has  begun  before  the  rise  of  pressure  occurs. 
By  making  the  rabbit  breathe  slowly  (Fredericq  accomplished  this  by 
cooling  the  medulla  oblongata),  the  tracing  obtained  is  similar  to  that 
which  is  got  from  an  animal  like  a  dog,  which  normally  breathes 
slowly. 

When  the  chest  of  an  animal  is  freely  opened,  and  artificial 
itjspiration  performed  in  order  to  keep  it  alive,  respiratory  undulations 
on  the  arterial  pressure  curve  are  still  seen,  but  they  are  in  the 
reverse  direction.  These  obviously  cannot  be  produced  in  the 
mechanical  way  just  described.  The  forcible  inflation  with  air  at 
first  squeezes  more  blood  out  of  the  alveolar  capillaries,  that  is,  the 
capacity  of  these  vessels  is  diminished,  and  this  temporarily  increases 
the  quantity  of  blood  thrown  into  the  left  ventricle,  and  so  causes  a 
rise  of  arterial  pressure.  But  the  increased  intra-alveolar  pressure 
has  also  been  shown  to  lead  to  an  increased  resistance  to  the  pulmonary 
circulation,  and  the  rate  of  flow  into  the  left  side  consequently  falls ;  i 
the  aortic  pressure  therefore  falls,  while  the  pressure  in  the  pulmonary  ^M 
artery  rises.  If  the  high  positive  intra-pulmonary  air-pressure  ^^ 
persist6<l,  a  condition  would  soon  be  reached,  in  which  the  increased 
blood-pressure  in  the  pulmonary  artery  would  lead  to  a  greater  flow, 
and  the  aortic  blood-pressure  would  remain  constant ;  this,  however, 
has  been  shown  to  take  a  much  longer  time  than  an  ordinary  respira- 
tion period.  Hence  the  main  effect  of  inflations  of  the  lungs  at  the 
ordinary  respiration  rate  is  to  diminish  the  aortic  blood -pressure ; 
this  rises  again,  for  the  opposite  reasons,  in  the  intervals  of  deflation 
which  correspond  to  expiration* 

If  artificial  respiration  is  performed  while  the  thorax  is  not  opened, 
a  further  complication  arises  from  the  fact  that  the  increased  intra- 
pleural pressure  decreases  the  rate  of  flow  of  blood  iiito  the  thorax, 
and  under  these  conditions  the  blood -pressure  in  the  pulmonary 
artery  falls,  and  in  consequence  the  fall  in  the  aortic  blood-pressure 
liecomes  more  marked  with  each  inflation  than  it  does  when  the 
thorax  is  open. 

The  last  point  of  detail  we  have  to  consider  is  the  cause  of  the 
greater  frequency  of  the  heart  during  the  inspiratory  phase,  a 
phenomenon  which  is  evidently  due  to  lessening  of  vagus  action^ 
since  the  inequality  of  the  heart  rate  disappears  when  the  vagi  are 
cut.  The  question  before  us  is.  What  is  the  causa  of  the  rhythm  in 
the  activity  of  the  vagus  centre?    There  appear  to  be  two  factors 
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concerned  in  its  <:ausation :  one  ia  a  reflex  action,  the  other  is  what 
m^y  be  termed  a  central  overflow.     We  will  consider  these  separately* 

L  The  reflm.  Stimulation  of  the  pulmonary  branches  of  the  vagus 
by  electrical  stimuli,  or  of  their  terminations  in  the  alveoli  by  certain 
irritating  vapours  Kke  bromine,  causes  a  reflex  inhibition  of  the  heart ; 
^reat  distension  of  the  alveoli  has  a  similar  effect,  but  moderate 
distension,  such  as  occurs  in  an  ordinary  inspiration,  has  the  opposite 
reflex  effect,  causing  the  heart  to  beat  more  rapidly.  The  afferent 
iibres  from  the  pulmonary  alveoli  enter  the  bulb  by  the  upper  set  of 
the  rootleta  of  the  combined  glossopharyngeal-vagus-spinal  accessory 
nucleus  (the  a  group,  p.  247).  Sometimes  the  rootleta  of  this  group  are 
three  in  number,  sometimes  two.  When  there  are  two,  the  lower 
rootlet,  vvlien  there  are  three,  the  lower  two  rootlets,  contain  the  fibres 
in  question  (Cadman). 

2.  The  overjimv.  The  respiratory  centre  exhibits  alternate  phases 
of  activity,  or  what  is  termed  a  rhythmical  action.  It  is  in  close 
anatomical  connection  with  two  other  important  centres  in  the  bulb, 
namely,  the  cardio-inhihitory  and  the  vaso-motor  centres.  Consider- 
ing how  closely  these  three  centres  are  connected  by  asBociation 
fibres,  it  is  not  surprising  that  the  cells  of  the  two  latter  centres 
should  be  affected  by  the  rhythm  of  the  cells  of  the  respiratory 
centre,  and  the  term  overflow  is  an  expression  that  roughly  indicates 
what  oecura  This  overflow  from  the  respiratory  centre  affects  its 
two  neighbours  in  the  same  way.  During  inspiration  the  activity 
of  both  the  cardio-inhibitory  centre  and  of  the  vaso-motor  centre  is 
diminished,  hence  the  heart  beats  faster.  The  factor  which  we  have 
termed  the  overflow  is  more  important  than  that  which  we  have 
described  as  the  reflex. 

These  facts  show  us  that  the  parallelism  of  the  respiratory  and 
arterial  pressure  curves  is  not  merely  the  result  of  the  mechanical 
conditions  already  described,  though  these  are  the  most  important. 
But  in  the  normal  condition  with  the  thorax  closed,  and  the  vagi 
uncut,  certain  nervous  factors  come  also  into  play.  During  inspira- 
tion these  are ; — 

1.  A  reflex  from  the  terminations  of  the  vagi  in  the  pulmonary 
alveoli,  which  produces  a  lessening  of  vagus  action,  and  so  quickening 
of  the  heart 

2.  An  overflow  from  the  respiratory  to  the  cardio-inhibitory 
centre,  which  is  still  more  powerful  in  producing  the  s^ne  effect, 

3.  An  overflow  from  the  respiratory  to  the  vaso-motor  centre, 
which  produces  decreased  constriction  of  the  systemic  arterioles. 
By  itself  the  third  nervous  factor  would  lessen  arterial  pressure,  but 
in  conjunction  with  the  other  two,  and  in  conjunction  also  with  the 
mechanical  conditions  described,  the  main  result  is  a  rise  of  arterial 
pressure  during  inspiration. 

?  A 
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Vdlsalm^'s  E^jq^Hment — la  speaking  of  the  effects  of  expiration, 
we  have  considered  only  ordinary  quiet  expiration.  With  forced 
expiration,  there  is  conmderable  impediment  to  the  circnlation;  this 
is  markedly  seen  in  what  is  called  Valsalva's  experiment.  This  con- 
sists in  making  a  forced  expiratory  effort  with  the  mouth  and  noae 
shut ;  the  effects  are  most  marked  in  people  with  an  easily  compres- 
Bible  thorax-  By  such  an  act  the  intrathoracic  and  abdominal 
pressures  rise  so  greatly  that  the  outlets  of  the  veins  of  the  limbs, 
head,  and  neck  into  the  thorax  are  blockei  At  first,  the  blood  in 
the  abdominal  veins  is  drawn  on  into  the  right  heart  j  this  produces 
a  slight  rise  of  arterial  pressure ;  but  soon,  if  the  effort  is  continued, 
the  lungs  are  emptied  of  blood,  the  filling  of  the  right  heart  is 
opposed,  and  the  blood  is  dammed  back  in  the  peripheral  veins,  wham 
the  pressure  rises  to  mean  arterial  pressure.  The  arterial  pressure 
b^ins  then  to  fall;  but  before  any  considerable  fall  occurs,  the 
expii-atory  effort  ceases  from  exhaustion  of  the  subject  of  the  experi- 
ment, and  a  deep  inspiration  is  taken.  During  this  inspiration,  the 
blood  delivered  by  the  right  heart  is  all  used  in  the  filling  of  the 
dilated  and  comparatively  empty  pulmonary  vessels ;  thus  several 
beats  of  the  left  ventricle  become  abortive,  and  produce  no  effect  on 
the  radial  artery ;  the  face  blanches,  and  the  subject  becomes  faint  from 
cerebral  ansemia 

Asphyxia. 

Asphyxia  may  be  produced  in  various  ways:  for  example,  by 
the  prevention  of  the  due  entry  of  oxygen  into  the  bloo<l,  either  by 
direct  obstruction  of  the  trachea  or  other  part  of  the  respiratory 
passages,  or  by  introducing  instead  of  ordinary  air  a  gas  devoid  of 
oxygen,  or  by  interference  with  the  due  interchange  of  gases  between 
the  air  and  the  blood. 

The  syniptoras  of  asphyxia  may  be  roughly  divided  into  three 
stages:  (I)  the  stage  of  exaggerated  breathing;  (2)  the  stage  of  con- 
vnlsions ;  (3)  the  stage  of  exhaustion. 

In  the  first  siagn  the  breathing  becomes  more  rapid,  and  at  the 
flame  time  deeper  than  usual,  inspiration  at  first  being  especially 
exaggerated  and  prolonged.  The  muscles  of  extraordinary  inspiration 
are  called  into  action,  and  the  effort  to  respire  is  laboured  and  painful 
This  is  socm  followed  by  a  similar  increase  in  the  expiratory  efforts, 
which  tecome  excessively  prolonged,  being  aided  by  all  the  muscles 
of  extraortlinary  expiration*  During  this  stage,  which  lasts  a  vary- 
ing time  from  a  minute  upwards,  according  aa  the  deprivation  of 
oxygen  is  sudden  or  gradual,  the  lips  become  blue,  the  eyes  are 
prominent,  and  the  expression  intensely  anxioua  The  prolonged 
respirations  are  accompanied  by  a  distinctly  audible  sound ;  the 
muscles  attached  to  the  chest  stand  out  as  distinct  cords.     This  stage 
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includes  the  two  conditiona  hypt^i'pnc&a  (excessive  breathing)  and 
dy^masa  (difficult  breathing),  which  follows  later.  It  is  due  tu  the 
mcreasinglj  powerfol  stimulation  of  the  respiratory  centre  bj  the 
increasingly  vonous  blood. 

In  the  second  itoffe,  which  ie  not  marked  by  any  distinct  Une  of 
demarcalion  from  the  first,  the  violent  expiratory  efforts  bwome 
conYulsive,  and  then  give  way,  in  men  and  other  wami-bluuded 
animals,  to  general  convulsions,  which  arise  from  the  further  stitn illa- 
tion of  the  centres  m  brain  and  cord  by  venous  blood.  Spasms  of 
the  muscles  of  the  body  in  general  occur,  and  not  of  the  respiratory 
mnsolea  only.  The  convulsive  stage  is  a  short  one,  and  lasts  less 
than  a  minute. 

The  third  stage,  or  stage  of  exhmistion.  In  it  the  respirations  all 
but  cease,  the  spasnis  give  way  to  tlaccidity  of  the  muscles,  there  is 
insensibility,  the  conjunctivae  are  insensitive  and  the  pupils  are 
widely  dilated.  Every  now  and  then  a  prolonged  sighing  inspiration 
takes  place,  at  longer  and  longer  intervals,  untO  breathing  ceases 
altogether,  and  death  ensues.  During  tliis  stage  the  pulse  is  scarcely 
to  be  felt,  but  the  heart  may  beat  for  some  seconds  after  the  respira- 
tion has  stopped.  The  condition  is  due  to  the  gradual  (mralysis  of 
the  centres  by  the  prolonged  action  of  the  venous  blood.  This  stagt 
may  last  three  ndniites  and  upwards. 

After  death  from  asphyxia  it  is  found  in  the  great  majority  of 
cases  that  the  light  side  of  the  heart,  the  pulmonary  arteries,  and 
the  systemic  veins  are  gorged  with  dark,  almost  black,  blood,  and 
th0  left  side  of  the  heart,  the  pulmonary  veins,  and  the  arteries  are 
empty.  The  explanation  of  these  api>earanceB  may  be  thus  summar- 
ised r  when  oxygenation  ceases,  venous  blood  at  first  passes  freely 
through  the  lungs  to  the  left  heart,  and  so  to  the  great  arteries. 
Owing  to  the  stimulation  of  the  vaso-motor  centres  by  the  venous 
l*looi.b  the  arterioles,  particularly  tiiose  of  the  splanchnic  area, 
are  constricted;  the  arterial  blo^xl-pressui-e  therefore  rises,  and  the 
left  side  of  the  heart  becomes  distended.  The  highly  venous  blood 
passes  through  the  arterioles,  and,  favoured  by  the  laboured  I'espira- 
tory  movements,  arrives  at  the  right  side  of  the  heart,  which  it 
fills  and  distends ;  the  right  side  of  the  h<^rt  is  becoming  feebler  at 
tlie  same  time,  and  therefore  unable  to  effectively  disclmrge  its  blood 
through  the  pulmonary  circu it.  Simultaneously  the  left  ventricle  is 
also  becoming  weakened,  and  therefore  its  suction  action  ditninishesv 
In  this  way  the  blood  is  dammed  back  in  the  right  heart  and 
veins,  and  the  left  side  of  the  heart  therefore  gets  into  the  empty 
condition  in  which  it  is  found  after  death.  Some  consider  that  the 
early  onset  of  rigor  mortis  in  the  left  ventricle  may  be  in  part  a 
cause  of  its  contracted  and  empty  condition* 

In  the  first  and  second  stages  of  asphyxia,  the  arterial  pressure 
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reduced  in  size  for  purposes  of  reproductian.  The  lower  tracing  is 
that  of  venous  pressure  taken  with  a  salt  sohition  manomet^x  from 
ttie  Jugular  vein.  It  will  be  noticed  that  the  falJ  of  arterial  pressure 
is  accompanied  with  a  great  rise  of  venous  pressure  due  to  the  venous 
congestion  just  described. 

fllll»et«  of  Breathing  Oo^es  other  than  th«  Atmosphere, 

The  diniinution  of  oxygen  has  a  less  direct  influence  in  the  produt^ion  of 
asphyxjn  than  the  increased  amount  of  earhonic  at-id*  Nevertheless,  the  fatal  effect 
of  carbonie  acid  in  the  blood  when  a  due  supply  of  nxygen  is  mainUlne*!,  resembles 
TBther  the  action  of  a  na:K'otic  poison  than  it  does  asphy^Lia. 

Then*  again,  ue  must  carefiiUy  distina^uihih  the  asphyxiating  effect  of  an 
insufficient  supply  of  oxygen  from  the  dire<:tly  iioisonous  aiiion  of  such  a  gas  aa 
carbonic  oxide,  which  is  contained  to  n  considerable  amount  in  coinnLon  coal-gas. 
The  fatal  effet^ts  often  produced  by  this  gas  (as  in  accidents  from  burning  charcoal 
stoves  in  small,  close  rooms)  are  due  to  its  entering  into  combination  with  the 
hemoglobin  of  the  blood-corpuscles,  and  thus  expelling  the  oxygen.  Haldaue  has 
Bhown  tliat  animals  can  live  in  a  pressure  of  two  atmospherei*  of  oxygen  after  all 
the  hffi:moglobin  is  taken  up  by  mfbonic  oxide,  for  then  sufficient  oxygen  is 
dissolved  in  the  blood  plasma.  HydjMjgen  may  take  the  [ilace  of  nitrogen  if  the 
oxygen  is  in  the  ustial  proportion,  with  no  marked  ill  effect  Sulphuretted 
hydrogen  interferes  with  the  ox yj^enat ion  of  blof^d.  Nitrous  o^id©  Eicts  directly 
on  the  nervou";  system  as  a  nannVtirn  Certain  gases,  sin  h  as  carbon  dioxide  in 
more  than  a  t^rtain  proportion  ;  eulphurous  and  other  acid  gasos,  anunoaia, 
and  chlorine  produce  spasmodic  cUisure  r>f  tlie  glottis,  and  are  irrcspirable. 


Alterations  in  the  Atmospheric  Fressiiro. 

The  tjcirmal  conditi<io  of  breathing  is  that  the  oxygen  of  the  arr  breathed  should 
be  at  the  pressure  of  i  of  the  atmosphere,  viz,,  i  of  ?tiO  mm*  of  mercury*  or  ir>2  mm,, 
hut  considerable  variations  may  occur  without  producing  ill  effects.  This  is  due  to 
the  fact  that  the  blood  ga^^cs  are  mostly  in  a  state  of  chemical  cotnbi  nation,  not  of 
I  simple  solution.  Variations  beyond  certain  limits  arc,  however,  fatal.  When  the 
-tension  of  oxygen  exceeds  3^  atmospheres  (i.i*. ,  in  air  at  a  pressure  of  17  atmos- 
pheres), slow  hut  powerful  poisonous  (narcotic)  effects  are  produced  on  all  living 
matter.  (BerL)  '1  he  exirised  sartorius  is  paralysed  l^y  about  half  an  hour's  exposure 
to  HO  Htmosphercs  of  oxygen ;  and  the  excisetl  frog's  heart  creases  to  beat  In  about 
two  hours  under  the  same  conditions*  It  is  dangerous  for  men  to  work  in  caissons 
where  the  atmospheric  pressure  is  greater  than  i  atmospheres.  Even  lower 
pressures  may  Ije  followed  on  "  decompression  **  (r^.ton  coming  out  of  the  increased 
pressure),  by  what  are  {-ailed  **  bends, '  that  is,  i^ains  in  the  joints  and  muscles,  by 
fiaralysis,  and  auditory  symptoms  such  ns  deafness  and  vertigo.  The  cause  of 
siu*h  sMoptoms  is  the  setting  free  of  bubbles  of  nitrogen  in  the  lymph  sjmces 
and  (-.spillaries  ;  any  oxygen  set  free  is  rapidly  re-absorbed  by  the  blood.  Capillary 
embolism  from  gas  bubbles  in  the  central  nervous  system  is  the  main  ..^ause  of 
the  paralysis.  (Bert)  Prolonged  exposure  to  tven  two  atmospheres  of  oxygen  is 
followed  by  pneumonia  (Lomtin  Smith),  and  so  oxygen  poisoning  may  be  a 
secondary  cause  of  the  syntptoms*  Short  shifts  are  essential  for  caisson  workers, 
for  then  the  htxiy  has  not  time  to  become  saturatetl  with  gas  at  the  caisson 
pressure.     Decompression  mu^t  aUo  be  gradual  and  slow. 

A  toad  was  but  slijrhtly  effe**ti'd  by  5  minutes*  exjiosure  to  20  atmospheres  of 
oxygen,  but  after  40  minuteis  on  '*det"ompression  "  it  went  into  tftanic  con%*ulsions 
and  died  ;  the  heart  was  distendetl  with  frothed  blood  ;  bubbles  of  gas  were  in  all 
the  lymph  sjwccs,  in  the  anterior  chamber  of  the  eye,  and  other  ftarts.  A  mouse 
in  a  similar  high  pressure  is  narcotised,  and  on  **  dc(*ompression  "  eopvulsions  and 
death  ensue.  (L.  HiU.)  Mec^hanJeal  pressure  by  itself  has  little  or  no  influence; 
thus  frog's  muscle  Is  not  ic^ured  by  ^tpovure  to  fluid  pressure  in  salt  solution  equal 
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to  400  atmospheres*     Crust ace«  are  found  alive  tin  tiianne  telegrnpb  cables  at  a 
depth  where  the  pressure  is  us  great. 

Tit  ruing  now  tu  diminution  of  pressure,  we  find  that  '•  mountain  sk-kncss  ''  oocui:^ 
at  the  height  of  4S00  metres,  the  summit  of  MU  Blanc,  Here  tJie  pressure  of  oxygen 
ifl  only  1 1  *Bd  per  cent  of  an  atmosphere.  The  malady  is  increfised  by  muscular  effort, 
and  is  due  to  want  of  oxygen.  In  those  who  ImbittialLy  lis-e  in  high  altitudes, 
the  nurut>er  of  red  blood-t^orpuscles  is  increased,  Croce-Spinelli,  the  balloon ist, 
perished  at  an  altitude  of  SflOO  metres^  where  the  tension  of  oxygen  would  l>e  7 
percent,  of  a  n  atmosphere.  His  t  ompHoion  Tisstindier  recovered.  In  such  eases 
musciilar  paralysis  occ-urs  before  loss  of  consciousness.  Higher  ascents  could  be_ 
made  by  aeronauts  if  they  breathed  oxygen  from  a  gas  cyhnder    (Bert)  "'^ 

CHEJtISTEY  OF  RESPIRATION, 

The  intake  of  oxjgen  is  the  commencenieiit,  and  the  output  of 
carbonic  acid  is  the  end  of  the  series  of  changes  known  as  reapiration. 
The  gaseous  interchange  in  the  lungs  is  called  sxUmal  respiraiwn. 
The  actual  coinhiistion  processes  take  place  all  over  the  body,  and 
constitute  what  is  known  as  internal  or  tissue-re^Taiimi,  The 
oxjgen  which  goes  into  the  blood  is  held  there  in  loose  combination 
as  oxyhemoglobin.  In  the  tissues  this  substance  parts  with  its 
respiratory  oxygen.  The  oxygen  does  not  necessarily  undeigo 
iminediate  union  with  carbon  to  form  carbonic  acid,  and  with 
hydrogen  to  form  water,  but,  as  in  muscle  (see  p.  149),  is  held  in 
reserve  by  the  tissue  itself.  Of  the  ultimate  products^  the  carbonic 
acid  and  a  portion  of  the  wmter  find  an  outlet  by  the  lungs. 

Inspired  and  Expired  Air.— The  composition  of  the  inspired  or 
atmospheric  air  and  the  expired  air  may  be  compared  in  the  follow^ing 
table : — 


Ijmpii^d  fttr. 

]£xi^i«d>lr. 

Oxygen  . 

Nitrogen 
Carbonic  acid 
Watery  vapour       » 
Temperature  . 

20 'Sa  vok,  per  cent 

n 

0-04     ., 

variable 
4* 

16*03  vols,  per  cent 

n 

saturated 
thatofhcKly{37  C.) 

The  nitrogen  remains  unchanged.  The  recently  discovered  gases 
argon,  crypton^  etc.,  are  in  the  above  table  reckoned  in  with  the 
nitrogen-  They  are,  however,  only  present  in  minute  quantities.  The 
chief  change  is  in  the  proportion  of  oxygen  and  carbonic  acid.  The 
loss  of  oxygen  is  about  6,  the  gain  in  carbonic  acid  about  4  5.  If  the 
inspired  and  expired  airs  are  carefully  meaaured  at  the  same  tem]>era- 
ture  and  barometric  pressure,  the  volume  of  expired  air  is  thus  found 
to  be  rather  less  than  that  of  the  inspired.*  The  conversion  of 
oxygen  into  carbonic  acid  would  not  cause  any  change  in  the  \^olume 

*  Thb  diniination  of  volume  will  cause  a  slight  riie  in  the  proportionate  volume 
of  nitrogen  |ier  cent 
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of  the  gas ;  tor  a  molecule  of  oxygen  (O^)  would  give  rise  to  a  molecule 
of  cartNDDic  acid  (CO^)  which  would  occupy  the  same  volume  (Avo- 
gadro's  3a%v).  It  must,  however,  be  remembered  that  carbon  is  not 
the  only  element  which  is  oxidised.  Fat  and  proteid  contain  a 
number  of  atoms  of  hydrogen,  which,  during  metaboliami  are  oxidised 
to  form  water ;  a  small  amount  of  oxygen  is  also  used  in  the  formation 
of  urea.  Carbohydrates  contain  sufficient  oxygen  in  their  own  mole- 
cules to  oxidise  tJacir  hydrogen ;  hence  the  apparent  loss  of  oxygen  is 
least  when  a  vegetable  diet  (that  is,  one  consisting  largely  of  starch 
^and  other  carbohydrates)  is  taken,  and  greatest  when  much  fat  and 

proteid  are  eaten.     The  quotient  -^  ^  ^^    ..    is  called  the  nspiratory 

gTwtient     Normally  it  is  -it-  =  0"9,  but  it  varies  considerably  with  diet 

as  just  stated. 

The  amount  of  respiratory  interchange  of  gases  is  estimated  by 
enclosing  an  animal  in  an  air-tight  chamber,  except  that  there  is  a 
,  tube  entering  and  another  leaving  it ;  by  one  tube  oxygen  or  air  can 
f  enter,  and  is  measured  by  a  gas-meter  as  it  passes  in.  The  air  is 
drawn  through  the  chamber,  and  leaves  it  by  the  other  tube ;  this  air 
has  been  altered  by  the  respiration  of  the  animal,  and  in  it  the  car- 
bonic acid  and  water  are  estimated ;  it  is  drawn  into  bottles  containing 
a  known  amount  of  an  alkali ;  this  combines  with  the  carbonic  acid 
and  is  increased  in  weight;  the  increase  in  weight  gives  the  amount 
of  carbonic  acid ;  the  alkali  used  in  Eegnault  and  Eeiset's  apparatus 
was  potash;  Pettenkofer  used  baryta  water;  Haldane  recommends 
soda-lima  The  water  is  estimated  in  bottles  containing  pumice 
moistened  %vith  sulphuric  acid 

Tlie  accompanying  drawing  (fig.  335)  shows  the  essential  part  of 
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the  simple  but  effective  apparatus  used  by  Haldane.  The  animal  is 
placed  in  the  vessel  a  ;  air  is  sucked  through  the  apparatus  (which 
must  be  perfectly  air-tight)  by  a  water  pump  at  a  suitable  rate.  The 
arrows  indicate  the  direction  in  which  the  air  passes.  It  goes  first 
through  two  Woiilffs  bottles,  1  and  2.  No.  1  contains  soda-lime, 
which  frees  the  air  from  carbonic  acid;  No,  2  contains  pumice-stone 


moistened  with  siilphiiric  acid,  which  frees  the  air  from  aqueous 
vapour.  The  air  next  reaches  the  animal  chamber,  and  the  animal 
gives  off  to  it  carbonic  acid  and  aqueous  vapour.  It  passes  then 
through  the  three  bottles,  3,  4,  and  5.  No.  3  contains  pumice  and 
sulphuric  acid,  which  removes  the  water ;  Ko.  4  contains  soda-lime, 
which  absorbs  the  carboaic  acid ;  and  No.  5  contains  pumice  and  sul- 
phuric acid,  which  absorbs  any  water  carried  over  from  bottle  4.  The 
increase  of  weight  in  bottle  3  at  the  end  of  a  given  time  (e.g.,  an  hour) 
is  the  weight  of  water  given  off  by  the  animal  in  that  time ;  the  in- 
crease of  weight  in  bottles  4  and  5  weighed  together  gives  the  amount 
of  carbonic  acid  produced  by  the  animal  in  the  same  time. 

Ranke  gives  the  following  numbers  from  experiments  made  on  a 
man,  who  was  taking  a  mbced  diet  consisting  of  100  grammes  of 
protein,  100  of  fat,  and  250  of  carbohydrate  in  the  twenty-four  hours. 
The  amount  of  oxygen  absorbed  in  the  same  time  was  666  grammes; 
of  wliich  660  passed  oiT  as  carbonic  acid,  9  in  urea,  19  as  water 
formed  from  the  hydrogen  of  the  protein,  and  78  from  that  of  the  fat. 

Vierordt  from  a  number  of  experimetits  on  human  beings  gives  the 
following  average  numbers :  the  amount  of  oxygen  absorbed  in  the 
twenty-four  hours,  744  grammes ;  this  leads  to  the  formation  of  900 
grammes  of  carbonic  acid  (this  contains  about  half  a  pound  of  carbon) 
and  360  granmies  of  water. 

The  respiratory  interchange  is  lessened  during  sleep.  It  is  especi- 
ally  small  in  the  winter  sleep  of  hibernating  animals.  During  hiber- 
nation the  respiratory  quotient  sinks  to  05,  so  that  the  anjmalg 
actually  gain  weight  from  retention  of  oxygen. 

CtrrHin4tanee9  affect imf  th^  amotint  t.*f  rarfmnir  ncid  ^^•eret^d.  (a)  ^t^  and  j*r. 
In  rn&lefi  the  quantity  iat-j^eases  with  growth  till  the  ag^e  of  30 ;  at  50  it  begins  to 
diminish  Qgain.  In  females  the  decrease  be^ns  when  menstniatioti  ceases.  In 
females  the  quantity  exhaled  is  alway<v  less  than  in  male^  of  the  same  age. 

(b)  Jt-i^*ptratoty  mov^jfifintn.^Tht  quicker  tlie  respiration  the  smaller  is  the  pro- 
portionate qtiantity  of  larbonic  acid  in  each  volume  f>f  expired  air.  The  total 
quantity  is,  however*  im-reAsed,  not  bei*ause  more  is  formed  in  the  tissues,  hut 
more  is  g-ot  rid  of.  The  last  portion  of  the  expired  air  which  comes  from  the  more 
remote  parts  of  the  lun^s  is  the  richest   in  carbonic  acid. 

(c)  Erli^rmil  ttmperature, — In  cold-blooded  animals,  a  rise  in  the  external 
temperature  causes  a  Hite  in  their  hody  temperature,  accomixinied  with  increased 
chemical  changes,  including  the  formation  of  a  larger  amount  of  carbonic  acid.  In 
warm-blooded  animals^  it  is  just  the  reverse  ;  in  cold  weather  the  body  temperature 
has  to  be  kept  at  the  normal  level*  and  so  increased  combustion  is  necessary. 

(d)  /fV>otl— This  produces  an  increase  which  usually  comes  on  about  an  hour 
after  a  meat 

(e)  £j**^^*V<j, ^Moderate  exercise  causes  an  increase  of  about  30  to  40  per  cent 
in  the  amount  excreted.     With  excessive  work,  the  increase  is  still  greater- 

Diffusion  of  Qases  within  the  Lungs. — If  two  chambers  eon- 
taining  a  mixture  of  gases  in  unequal  amount  are  connectod  together, 
a  slow  movement  ealled  difiTusion  takes  place  until  the  percentage 
amount  of  each  gas  in  each  chamher  is  the  same.     Let  us  suppose 
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that  one  chamber  contains  a  large  qimntity  of  oxygen  and  a  small 
quantity  of  carbonic  acid ;  and  the  other  a  small  quantity  of  oxygen 
and  a  large  quantity  of  carbonic  acid ;  the  oxygen  moves  from  the 
first  to  the  second,  and  the  carbonic  acid  from  the  second  to  the  first 
chamber.  The  pressure  of  a  gas  is  proportional  to  the  percentage 
amount  in  which  it  is  present  in  a  mixtura  This  is  true  for  each  gas 
in  a  mixture,  the  presence  of  the  others  making  no  dififerenee. 

In  the  atmosphere,  for  instancOi  the  total  barometric  pressure  is 
760  mm,  of  mercury;  the  amount  of  oxygen  in  the  air  is  roughly  one- 
fiith>  and  the  pressure  it  exercises  is  also  one-fifth  of  760 ;  the  nitro- 
gen accounts  for  the  other  four-fifths.  The  carbonic  acid  is  present 
in  such  small  quantities  that  the  pressure  it  exercises  is  only  a  frac- 
tion of  a  millimetre 

In  the  alveolar  air  the  carbonic  acid  is  present  in  lai:ger  and  the 
oxygen  in  smaller  amount ;  and  in  the  intermediate  air  passages  there 
is  an  intermediate  condition :  hence,  as  in  the  two  chambers  we  first 
considered,  oxygen  diffuses  down  to  the  air  vesicles,  and  carbonic  acid 
from  them  (see  p,  363  for  Haldane's  method  of  obtaining  the  composi- 
tion of  alveolar  air).  These  movements  are,  however,  by  themselves 
too  slow  to  be  efficient,  and  are  assisted  by  the  large  draughts  which 
are  created  in  the  respiratory  tract  by  the  respiratory  movements  of 
the  chest, 

Oasea  of  the  Blood— From  100  volumes  of  blood*  about  60 
volumes  of  gas  can  be  removed  by  the  mercurial  air-pump.  The 
average  composition  of  this  gas  in  dog's  blood  is:— 


Oxygen  . 
Nitrogen 
Carbonic  acid 


ArtflH&l  blood, 

20 

1  tQ2 

40 


V  Ail  out  bloods 

6  to  12 

1  to  2 

46 


The  nitrogen  in  the  blood  is  simply  dissolved  from  the  air  just  as 
water  would  dissolve  it;  it  has  no  physioIogi(ml  importance.  The 
ther  two  gases  are  present  in  much  greater  amount  than  can  be 
cplaiiied  by  simple  solution;  they  are,  in  fact,  chiefly  present  in 
loose  chcmic4il  combinations.  Loss  than  one  volume  of  the  oxygen  and 
about  two  of  carbonic  acid  are  present  in  simple  solution  in  the  plasma. 
Oxygen  in  the  Blood. — The  weight  of  gas  dissolved  in  a  liquid 
varies  with  the  pressure  of  the  gas;  double  the  pressure  and  the 
weight  of  gas  dissolved  is  doubled.  The  oxygen  of  the  blootl 
does  not  vary  directly  with  oxygen  pressure,  for  the  amount  of 
that  gas  in  simple  solution  forms  only  a  small  fraction  of  the  ttita! 
present  This  small  amoimt  is  of  course  doubled  by  doubling  the 
pressure,  but  such  an  increase  is  insignificant,  the  bulk  ojf  the 
oxygen  being  in  chemical  union  with  hiemoglobin.  The  oxygen  of 
oxyhemoglobin  can  be  replaced  by  equivalent  quantities  of  other 
gases    like    carbonic    oxide      The    tension  or  partial   pressure  of 


876 


KESPIRATION 


[CH.  xxrr. 


oxyi^oii  in  tho  air  of  the  alveoli  is  less  than  that  in  the  atmosphere, 
\ml  groator  than  that  iii  venous  blood;  hence  oxygen  passes  from  the 
ulvhular  air  into  the  blood  plasma;  the  oxygen  immediately  combines 
with  the  hicmojudobin,  and  thus  leaves  the  plasma  free  to  absorb  more 
iixygtm  J  and  this  goes  on  until  the  h^moglobm  is  entirely,  or  almost 
iviitiroly,  saturated  with  oxygen.  The  reverse  change  occurs  in  the 
tiiauim  whuu  the  partial  pressure  of  oxygen  is  lower  than  in  the 
plttutiui,  or  in  the  lymph  that  bathes  the  tissue  elements;  the  plasma 
partrt  with  its  oxygBn  to  the  lymph,  the  lymph  to  the  tissues;  the 
t*^yhmuuigloliin  then  undergoes  dissociation  to  supply  more  oxygen  to 
tht^  iilaeuva  and  lymph,  and  thus  in  turn  to  the  tissues  once  mora 
Thii  girtifl  QU  until  the  oxyhoemoglobin  loses  a  great  portion  of  it 
mUi4'u  uf  oxygen,  but  even  in  asphyxia  it  does  not  lose  all. 

'Hiu  fuUowing  values  give  the  tension  of  oxygen  in  percentages 
uf  4111  atmoaphere: — 

20-96 


.     13  to  16     f 

:  1      I 


'I'ho  airuvv  hIiuwb  the  direction  in  which  the  gas  passes. 

Wbiui  I  bo  gamm  are  being  pumped  off  from  the  blood,  very  little 

.  lA  ult  till  the  pressure  has  been  greatly  reduced,  and  then, 

>  lK»lut,  it  is  disengaged  at  a  burst.     This  shows  that  it 

A\di\  «*  lint  ion,  but  is  united  chemically  to  some  constituent 

iiu\li  is  suddenly  dissociated  at  the  reduced  pressure. 

I  III  tbti  blood  is  heenioglobin. 

.  ^i'  I  ho  tissues  to  form  reduction  products  is  shown  by 

nuonti   with  methylene  blue  and  similar  pigments* 

iji  move  stable  than  oxy haemoglobin ;  but  if  it  is 

w  uUtitin  of  ft  living  animal,  and  the  animal  killed 

<  ho  Mntyj  is  found  to  be  dark  blue,  but  the  organs 

landidar  organs  are  in  a  state  of  activity) 

;,    tu  oxygen  the  organs  become  blua     In 

,  liive  formed  a  coloiirless  reduction  product 

ml  ou  exposure  to  air  or  oxygen  this  is 

-it  18  thus  regenerated 

•  d What  has  been  said  for  oxygen 

.11  for  carbonic  acitl     Compounds  are 
^_^  i  onfion  of  the  gas  is  high :  ttiese  pass 

—  L  and  in  the  lungs  they  undergo 
\^  into  the  alveolar  air,  where  the 

V  o\y    h>w,  though  it    is   greater 
I    liloo<i  is  divided  into  plasma 


MgMi  ^iiiiioti  ill  urterial  blood,  sec  p.  384. 
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id  corpuaeles,  it  will  be  found  that  both  yield  carbonic  acid,  but  the 
yield  from  the  plasma  h  the  greater.  If  we  place  blood  in  a  vacuum 
it  bubbles,  and  givcB  out  all  its  gaees ;  addition  of  a  weak  acid  causes 
no  further  liberation  of  carbonic  acid.  When  plasma  or  serum  is 
similarly  treated  the  gas  also  comes  off,  but  about  5  per  cent  of  the 
carbonic  acid  is  fixed — that  is^it  requires  the  addition  of  some  stronger 
acid,  like  phosphoric  acid,  to  displace  it.  Fresh  red  corpuscles  will, 
however,  take  the  place  of  the  phosphoric  acid,  and  thus  it  has  bean 
^surmised  that  oxyb^emoglobin  has  the  properties  of  an  acid. 

One  hundred  volumes  of  venous  blood  contain  forty-aix  volumes 
bf  carbonic  acid.  Whether  this  is  in  solution  or  in  chemical  combina- 
tion is  determined  by  ascertaining  the  tension  of  the  gas  in  the  blood. 
One  hundred  volumes  of  blood  plasma  would  dissolve  more  than  an 
equal  volume  of  the  gas  from  an  atmosphere  of  carbonic  acid,  if  its  solu- 
bility in  plasma  were  equal  to  that  in  water.  If,  then,  the  carbonic  acid 
were  in  a  state  of  solution,  its  tension  would  be  very  high,  but  it  proves 
to  be  only  equal  to  about  5  per  cent,  of  an  atmosphere.  This  means 
that  when  venous  blood  is  brought  into  an  atmosphere  containing  5  per 
cent  of  carbonic  acid,  the  blood  neither  gives  off  any  carbonic  acid 
nor  takes  up  any  from  that  atmosphera  Hence  the  remainder  of  the 
gas,  95  per  cent,  is  in  a  condition  of  chemical  combination.  The 
chief  compound  appears  to  be  sodium  bicarbonate. 

The  carbonic  acid  and  phosphoric  acid  of  the  blood  are  in  a  state 
of  constant  struggle  for  the  possession  of  the  sodium.  The  salts 
formed  by  these  two  acids  depend  on  their  relative  masses.  If 
carbonic  acid  is  in  excess,  we  get  sodium  carbonate  (Na^CO^),  and 
mono-sodium  phosphate  (NaH.^PO^) ;  but  if  the  carbonic  acid  is 
diminished,  the  phosphoric  acid  obtains  the  greater  share  of  sodium 
to  form  disodium  phosphate  (Na.^HPO|),  In  this  way,  as  soon  as  the 
amount  of  free  carbonic  acid  diminishes,  as  in  the  lungs,  the  amount 
of  carbonic  acid  in  combination  also  decreases ;  whereas  in  the  tissues, 
where  the  tension  of  the  gas  is  highest,  a  large  amount  is  taken  up 
into  the  bloody  where  it  forms  carbonates. 

The  tension  of  the  carbonic  acid  in  the  tissues  is  high,  but  one 
cannot  give  exact  figures ;  we  can  measure  the  tension  of  the  gas  in 
certain  secretions  i  in  the  urine  it  is  9,  in  the  bile  7  per  cent*  The 
ension  in  the  cells  themselves  must  be  higher  stilb 

The  following  figures  (from  Fredericq)giv6  the  tension  of  carbonic 
"dioxide  in  percentages  of  an  atmosphere : — 


Tissues     , 
Venous  hJood 
Aiveokr  air 
External  air 


3*8  to  5-4 
2-8       J 
0-04 


in  dog. 


The  arrow  indicates  the  direction  in  which  the  gas  passes,  namely, 
in  the  direction  of  pressure  from  the  tissues  to  the  atmosphere. 
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In  some  other  experimeuts,  also  on  dogs,  the  foUowing  are  the 

figures  given  :~ 

Arterial  blood  - ,  .  ,  2'8    ^ 

Venous  blood  .        ,        ,        ♦         .        •        ,        ,  .  ,  5"4     ▼ 

Alveolar  air  .        .        .        -        *        ,        ,        .  .  .  3  '56    I 

Ejcpired  air ,  ,  2'd     » 

It  will  be  aeen  from  those  ligures  that  the  tension  of  carbonic  acid 
in  the  venous  blood  (5-4)  is  higher  than  in  the  alveolar  air  (3*56) ;  its 
passage  into  the  alveolar  air  is  therefore  intelligible  by  the  laws  of 
diffusion,  Uiflfusion,  however,  should  cease  when  the  tension  of  the 
gas  in  the  blood  and  alveolar  air  are  ec[uaL  But  the  transference  goea 
beyond  the  establishment  of  such  an  equilibrium,  for  the  tension  of 
the  gas  ill  the  blood  contiuuea  to  sink  until  it  is  ultimately  less  (2*8) 
than  in  the  alveolar  air. 

Tho  whole  question  is  beset  with  great  difficulties  and  contradie- 
tions.  Analyses  by  different  observers  have  given  very  different 
results,  but  if  such  figures  as  those  just  quoted  are  ultimately  found 
to  be  correct,  we  can  only  explain  this  apparent  reversal  of  a  kw  of 
nature  by  supposing  with  Bohr  that  the  alveolar  epithelium  possesses 
the  power  of  excreting  carbonic  acid,  just  as  the  cells  of  secreting 
glands  are  able  to  select  certain  materials  from  the  blood  and  reject 
others,  Kacent  work  by  Bohr  and  Haldane  has  also  shown  that  in 
all  probability  the  same  explanation — opithelial  activity — must  be 
called  in  to  account  for  the  absorption  of  oxygen.  In  the  swim- 
bladder  of  fishes  (which  is  analogous  to  the  hmgs  of  mammals)  the 
oxygen  is  certainly  far  in  excesa  of  anything  that  can  be  explained  by 
mere  diffusion.  The  storage  of  oxygen,  moreover,  ceases  when  the 
vagus  nerves  which  supply  the  swim-bladder  are  divided. 

Tension  of  Gases  in  FluidB — Tins  expression  so  frequently  used 
in  the  foregoing  paragraphs  demands  further  explanation. 

The  first  questions  which  arise  are,  "  Under  what  circumstances 
will  a  gas  dissolved  in  a  fluid  diffuse  out  of  the  tluitl  Id  to  the  air  in 
contact  with  it  ? "  and,  **  Under  what  circumstances  will  a  gas  diftuse 
out  of  the  air  into  the  fluid,  and  at  what  rate  will  it  do  so  ? " 

Tliese  are  questions  which  depend  upon  the  physical  constants  of 
the  fluid  and  of  the  atmo&phere;  these  constants  must  !je  deter- 
mined experimentally* 

The  foUowing  instance  may  be  takcu^lOO  ex.  uf  water  charged 
with  80  c,c.  of  carbonic  acid  may  be  shaken  %vith  pure  air  in  a 
closed  bottle  of  500  c.c,  capacity  at  room  temperature  (say  14''  C). 
The  carbonic  acid  will  come  out  of  the  water  at  first,  but  as  the 
shaking  continues,  the  carbonic  acid  wiU  come  out  more  and  more 
slowly  until  at  last  it  ceases  to  do  so.  Analysis  of  the  air  and  of 
the  water  in  the  bottle  would  show  that  the  water  had  not  parted 
with  all  its  carbonic   acid.     It  would   b^  found   that   the   water 
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contained  16  c.c.  of  carbonic  aoid  dissolved  in  it  whilst  64  c,c.  had 
diffused  out  into  the  air. 

At  the  end  of  thig  experiniejit,  then,  there  will  be  in  the 
air  in  the  bottle  64  c.c,  of  carbonic  acid  in  a  space  of  400  c.e.  If 
the  whole  apace  (400  c-c.)  were  filled  with  carbonic  acid,  its  pres- 
sure would  be  760  mm.  of  mercury.     The  partial  prassuT'c  tii  car- 

64 
bonic  acid  in  the  air  of  the  bottle  is  therefore  760  X  ^r^  =  122  mm. 

400 

>f  mercniy.  Water,  therefore,  containing  16  volumes  [»er  cent,  of 
irbonic  acid  is  in  equilibrium  with  an  atmosphere  in  which  the 
carbonic  acid  exerts  a  pressure  of  122  mm.  This  fact  is  atated 
shortly  by  the  phrase,  '*  When  water  has  a  carbonic  acid  Unsion  of 
122  mm.  it  contains  16  per  cent,  of  carbonic  acid/' 

The  amount  of  carbonic  acid  which  would  be  cuntained  in  any- 
other  fluid  when  it  w^as  in  equilibrium  with  an  atmosphere  having  a 
carbonic  acid  pressure  of  122  ram.  would  be  different  from  that 
contained  in  water;  for  instance,  alcohol  would  contain  50  per  cent 
of  the  gas. 

In  both  fluids  the  tension  of  carbonic  acid  is  the  same,  but  the 
quantities  of  carbonic  acid  woidd  be  as  stated  and  therefore  different. 

Tlie  tension  of  a  gas  in  a  liquid,  therefore,  is  the  pressure  uf  that 
gas  in  an  atmosphere  of  such  a  composition  that  the  liquid  would 
neither  acquire  that  gas  from  the  atmosphere  nor  impart  that  gas  to 
it,  if  the  liquid  and  the  atmosphere  were  brought  iut^j  intimate 
contact,  as  by  shaking. 

Measurement  of  Icns^iori  in  Jltiids — cu^roton&fmter. — The  measure- 
ment of   the   tension   of  gases  in   fluids  is   conducted    ujhju    the 
principles  of  the  example  just  given.     The 
instrument   for    the  purpose   is   called   an  b 

I  aero  tonometer.  The  form  used  by  Lt^ewy 
consists  simply  of  a  closed  bottle  (fig.  336) 
into  which  t!ie  blood  and  the  air  can  be 
put  and  from  which  they  can  be  withdrawn 
by  suitable  means.  Through  the  stopper  of 
the  bottle  three  tubes  pass.  A,  B,  and  C, 
each  of  which  is  provided  with  a  piece  of 
rubber  tubing  and  a  clip.  The  tube  A 
is  used  for  introducing  or  expelling  the 
blood  E;  0  is  used  for  introducing  or 
.expelling  the  air;  B  is  connected  with  a 
flexible  rubber  bag  D  containing  water  inside 
the  bottle,  whilst  outside  a  connection  can 
be  made  with  a  syringe.    A  little  mercury 

should  be  put  into  the  bottle  to  defibrinate  the  blood.     To  detennJne 
the  carbonic  acid  tension  in  blood,  several  bi»ttles  should  be  filled 
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with  gases  of  known  composition  from  gssometeFs  before  the  experi- 
ment. Into  each  bottle  some  blood  is  drawn  from  the  animal  This 
ia  done  by  attaching  A  to  a  cannula  in  one  of  the  animars  blood- 
vessels, and  then  when  water  is  withdrawn  from  the  bag  I)  by  the 
nyringe,  a  corresponding  amount  of  blood  enters  the  aero  tonometer. 
Each  bottle  is  so  treated,  and  the  bottle  is  shaken  vigorously  for  some 
time.  When  equilibrium  has  been  established,  the  air  can  be  taken 
from  the  air  space  F  by  attaching  C  to  an  air-analysis  apparatus  and 
forcing  water  into  the  bag  D  from  the  syringe  attached  to  B.  An 
example  may  illustrate  the  results  which  might  be  obtained. 


DdsrminaHon  of  carhonie  acid  tension  of  blood. 

Bottk  L  11,  UL  IV. 

Initial  perwnUge  of  1        ^.,^  ^.^  5.^3 


the  ^as  present 
Final  percentage  of 
gas  present. 


5^a 


5-4 


5-1 


4-5 


4-7 


4^3 


From  the  above  figures  it  will  be  seen  that  the  blood  has  acquired 
carbonic  acid  from  the  air  in  bottles  I  and  IL,  whilst  the  reverse  has 
taken  place  in  bottles  IIL,  IV.,  and  V,  The  carbonic  acid  tension  of 
the  blood  is  therefore  between  5*4  and  5*1  per  cent. 

Rdation  of  iefmon  to  compositian.-^The  aero  tonometer  may  be 
used  to  determine  the  relation  of  the  tension  of  a  gas  in  the  blood 
(oxygen  or  carbonic  acid)  to  the  quantity  contained  in  that  fluid. 
The  example  given  above  might  be  extended  for  this  purpose  in  the 
following  way.  After  the  air  has  been  withdrawn  for  analysis,  it  is 
only  necessary  to  attach  A  to  the  blood-bulb  on  a  mercurial  blood-gas 
pump  and,  by  forcing  more  water  into  B,  expol  a  sufficient  quantity 
of  blood  for  analysis.  If  an  analysis  was  made  for  each  of  the  bottles, 
the  quantity  of  carbonic  acid  would  be  determined  corresponding  to 
the  tensions  5  8,  54,  51,  4 '7,  and  4'3  per  cent  respectively. 

The  comparison  of  the  quantity  of  carbonic  acid  in  the  blood  with 
its  tension  is  not  of  importance,  but  the  corresponding  measurements 
for  oxygen  have  been  carried  out  with  great  care  by  a  number  of 
observers,  both  for  blood  and  for  solutions  of  haemoglobin. 

It  is  foimd  that  the  two  sets  of  observations  agree  very  closely, 
and  this  fact  forms  the  most  substantial  evidence  for  our  belief  that 
the  oxygen  in  the  blood  is  almost  entirely  associated  with  the  hemo- 
globin. 

The  relation  of  the  quantity  of  oxygen  in  the  blood  to  the  tension 
which  it  exerts  may  be  conveniently  sat  forth  in  a  curve  which  is 
called  the  dissociation  ciirve  of  oxyhgemoglobin,  as  in  the  following 
figure  (fig.  337). 

An  example  may  illustrate  the  use  to  which  the  information^ 
given  in   this  curve,  may   be   put.     Suppose   that  one   wishes  to 


detennine  the  tenBion  of  oxygen  in  the  blood  leaving  the  pancreas,      ^^H 
The  amount  of  blood  which  oomea  from  that  organ  ia  too  small  to      ^^H 
aUow   of  a  direct  determination   being  made.     We  can,  however,          ^| 
calculate  it  from   the  followinf^  data:  (1)  the  amount  of  oxygen           ^H 
which  the  blocjd  would  contain  if  saturated  (this  can  be  arrived  at  by      ^^H 
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.              t1i6  bu«  line  reprsae Jit  preuure  In  mllliinetrf^  of  mercury;   %hm^  ftloog  tha  orfUufcte  rppitisent                ^^M 

p«n;«iit*«H  of  oxrgsti.    (AtUr  B(»hr.)                                                                                                                  ^H 

saturating  arterial  blood  and  analysing  it) ;  (2)  the  amount  of  oxygen            ^M 
in  the  venous  blood.     In  an  actual  experiment  (1)  was  220  cc,  (2)           ^M 

was  107  ex.     The  percentage  saturation  then  waa  100  x,^^ =49           ^M 

per  cent.     By  referring  to  the  dissociation  curve  (fig.  337)  we  see           ^M 
that  49  per  cent  saturation  corresponds  to  an  oxygen  tension  of           ^M 
about  14  mm,  of  mercury  or  VS  per  cent,  of  an  atmosphere.                          ^M 

The  Oarbonlc    Oxide  Method   of   Bstlmattng  the  Oaty^n    Tension  of             ^H 
Art«rlaJ  Blood,— This  method  was  devised  hy  Haldane,  and  is  considered  by  him              ^H 
ftnd  LorrHin  Smith  to  give  more  tmstworth3'  results  than  those  obtained  by  the              ^H 
aerotonoMieter.     if  blood  ia  exposed  to  a  mixture  of  carbonic  oxide  and  oxygen,  the              ^H 
hw^moglohin  \^iU  become  sftturabed  by  these  gases  at-cording  to  their  feliitlvc              ^H 
tensions,     If  a  number  of  ex  peri  meats  are  performetl  using  different  percentaiifes  of             ^H 
earbonic  oxide,  tiie  results  may  be  expressed  graphically  as  the  eiir\  e  of  dissociation              ^H 
of  carboxyhipmoglnbin  in  air.     When  la  place  of  such  experiments  in  vitru,  an              ^H 
animal  is  raade  to  breathe  air  containing^  a  knowa  percentage  of  carl>onic  oxide,              ^H 
the  comparison  of  the  satumtion  of  its  blcMKJ  with  the  saturation  of  iU  blood  in              ^H 
mtro  exposed  to  the  same  percentage  of  carlK>aic  oxide  in  air  (which  has  an  oxygen              ^H 
tension  of  20*9  per  cenL)  gives  us  the  means  of  discovering  the  oxygen  tension  In              ^H 
the  arterial  blood  of  the  lung  capillaries  ;  this  will  be  higher  or  lower  than  that  of              ^H 
the  air  according  as  the  saturation  by  carl>onic  oxide  is  correspondingly  lower  or              ^H 
higher.     A  small  animal  Uke  a  mouse  is  made  to  breathe  air  coataiainfj  a  known               ^H 
percentage  of  carbonic  oxide.     After  a  sufficient  time  the  animal  is  killed  and  the              ^H 
amount  of  carboxy haemoglobin  is  determined  coloHmetrically  in  a  drop  of  its  blt?od,              ^^ 
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The  data  thus  obtained  are  compared  with  the  data  previously  expressed  in  the 
furve  of  dissociation  of  rarHoxyhrr^nioglobjn  in  air;  it  is  then  easy  to  eaJt-uiate 
whether  the  oxygen  tension  in  the  blood  is  higher  or  lower  than  that  of  air  The 
results  of  the  method  show  ^fenerally  that  the  tension  of  oxygen  in  the  arterial 
blood  as  it  leaves  the  lungs  is  higher  than  could  result  from  simple  diffusion  of  the 
OKjgea  through  the  alveolar  epithelium ;  in  other  words,  the  epttheliaJ  oeUs  are 
capable  of  sefreting  oxy^^n  into  the  blood  until  an  oxygen-pressure  is  reached  ^ 
eonsiderabJy  above  that  in  the  alveolar  air. 

The  results  expressed  in  percentages  of  an  atmosphere  are  as  follows  ;— 
Oxygen  tension  of  arterial  blood  in  man,  33-5  ;  in  mouse,  22-6  i  in  dog,  21 ;  iai 
eat,  36-3  ^  in  rabbit,  27 -6>  and  in  birds,  30  to  rio  per  cent     The  result*  m  the  case) 
of  ouui  Aod  larg^er  atumals  probably  reoulre  revision,  as  it  is  not  certain  that  the^ 
time  ftUnwed  for  the  establishment  of  the  balant^  of  carbonic  oxide  and  oxygen 
hai  been  iufErient  in  any  of  the  exj>eriments* 

l^seue  RespiratlozL — ^Aa  has  been  alreadj  stated,  respiratioo 
may  be  divided  into  internal  or  tissue  respiration  and  external  or 
pulmonary  respiration.  External  respiration  ia  mnch  the  less 
yl}«car0,  and  we  have  treated  of  it  at  eonsiderable  length,  not  only 
on  this  account,  but  also  on  account  of  the  very  frequent  impair- 
ments of  the  pulmonary  mechanism  wliich  are  met  with  iii  disease. 
It  must  bo  borne  in  iriind,  however,  that  pulmonary  respiration  ia 
but  the  means,  and  tisnue  respiration  is  the  end  Our  knowledge  of 
tisane  respiration  is  so  scanty  that  we  can  say  little  about  its 
pathological  bearing,  but  as  a  general  rule,  the  proneneas  to  patho* 
logical  change  as  well  as  the  vascularily  (p.  221)  ia  connected  with 
the  degree  of  metabolism  of  the  tissue. 

The  following  are  the  amounts  of  oxygen  used  per  minute  by 
one  gramme  of  certain  epithelial  and  muscular  organs  respectively, 

Submaxitlary  gland  0  04  c.a,  pancreas  0*05  ac,  kidney  0'03  c.c., 
heart  (contracting  very  feebly  and  slowly)  0"007  c.a,  muscles  of  leg. 
(with  spinal  cord  destroyed)  0"003  c,c. 

Msihods  of  atudyinfj  tissue  respiration. — In  order  to  obtain  data, 
such  as  the  above,  it  ia  necessary  (1)  to  analyse  the  blood  going  to 
the  organ  ;  (2)  to  analyse  the  blood  emerging  from  the  organ  j  (3)  to  ^ 
dtittirniiiio  the  amount  of  blood  passing  through  the  organ  in  a  giveji^^H 
litub,  bay  one  minute.  ^H 

The  atialyiis  of  blood  may  be  performed  by  either  of  two  methods: 
(I)  the  mei'€iinal  air-pump,  or  (2)  the  chemical  method  of  expelling 
the  oxygen  and  carl>onic  aeid  from  the  blood  by  means  of  potassium 
fei*rieyftnido  and  phosphoric  acid  respectively, 

Tk^  m§rvurial  air-pump.-^The  extraction  of  the  gaaea  from  the 
blood  by  muaiiH  of  the  mercurial  air-pump  depends  upon  the  fact 
that  blood  yicldrt  all  tlie  oxygen  and  carbonic  acid  which  are  dissolved 
in  it  whan  it  is  boiled  for  a  sufficient  length  of  time  in  a  vacuum* 
Tlio  inatiLHueiit  iionaists  essentially  of  the  following  parts  (fig.  338): 
(I)  a  iunall  hull*  or  lidio  fur  measuring  aecnrately  the  amount  of 
blood  analvyud;  (2)  n  vacuous  chamber  or  froth  chamber.  When 
the  |Kirt  of  the-  appKratua  from  2  to  4  is  rendered  a  vacuum,  t' 


blood  is  emptied  from  1  inio  2, 
bj  meatis  of  a  iinUer*bath  (C) 
arotmd  its  Idwer  poEtioQ;  a 
condenaer  (D)  packed  willi 
ice  EEd  oait  annoBiids  the 
tipper  part  Tbsre  b  alwars 
a  stream  of  aqneona  vapotir 
oarrjLQg  the  boiled  ocit  gases 
to  the  top  of  the  chamber; 
the  va{K>ur  is  eomleiiaed  and 
returns  U^  the  Mood  as  drops 
of  water  nmniiig  down  the 
aide  of  the  elmmber,  while 
the  gaaes  are  free  t*^  go  into 
the  vacuous  pump,  hx  doing 
ao  thej  paea  through  (3)  the 
drjlDg  chamber  cotitaining 
sulphuric  acid.  So  much  of 
the  ga^B  m  baa  expanded 
into  the  pump  (4)  can  then 
be  expelled  by  lifting  the 
[mercary  bottle  (A)  wMch  is 
^eonnected  bj  strong  rubber 
tubing  to  the  glass  tube  F. 
In  the  figure  onlj  the  attach- 
ments of  this  rubber  tube  are 
shown.  The  mercury  is  pre- 
vented by  a  valire  (V)  fron 
goiag  backwards  to  the  dry- 
ling  chamber;  it  expels  the 
[gases  down  the  tube  B  inU>  a 
Veudiometer  tube  £  in  which 
they  are  collected  for  measure- 
ment  and  analysis  After 
boiling  for  a  eonaiderable 
time,  a  few  exhaustions  with 
the  pump  are  sufficient  to 
deliver  all  the  gases  whicli 
have  been  boiled  off  from  the 
blood. 

The  total  gas  obtaiued  is 
first  measured ;  then  the  car- 
bonic acid  is  removed  by 
caustic  potash,  and  tlie  gas 
that  remains  then  ccmsista  of 
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oxygen  and   nitrogen;   tha  oxygen  is  then  removed  by  pyxogaUie 

acid,  and  the  residnal  gas  is  nitrogen, 

Uhmdctii  vieihod   of  Mood  gas    afial^sis. — ^When   a   solution   of 
hsemoglobin  is  treated  with  potaasiiim  ferricyauide,  it  yields  all  its 

oxygen  to  the  air  on  shaking,  just  as 
urea  yields  its  nitrogen  when  treated 
with  sodium  hypobromite.  The  appa- 
ratus used  for  determining  the  oxygen 
in  blood  is  very  similar  to  a  Dnpre'a 
niBa  apparatus  (see  Chapter  XXXV I L), 
The  blood  (5  c,c.)  is  placed  in  the  lai^ 
bottle  (fig.  339,  A)  underneath  a  layer 
of  dilute  ammonia  solution  (B).  The 
blocxl  is  thus  protected  from  the  air 
whilst  the  apparatus  becomes  equal  in 
temperature  to  the  bath  in  which  it  is 
placed.  The  blood  is  shaken  with  the 
ammonia  solution  which  lakes  it 
thoroughly;  the  ferriGyanide  solution 
is  then  spilt  into  the  laked  blood  from 
the  tube  0,  and  the  oxygen  is  shaken 
out  of  the  solution.  When  the  oxygen 
has  been  determined  the  bottle  is 
opened  and  phosphoric  acid  is  placed 
in  the  small  tube  C ;  this  is  subse- 
quently spilt  into  the  mixture  of  blood, 
ammonia  and  ferricyanide  ;  it  li  hem  tea 
the  carbonic  acid  which  is  also  shaken 
out  of  the  fluid.  The  carbonic  acid 
does  not  come  completely  out,  however, 
and  a  correction  has  to  be  introduced 
for  the  quantity  which  remains  in  solu- 
tion. The  gas  (oxygen  or  carbonic 
acidj  as  the  case  may  be)  passes  over 
into  the  tube  D,  which  was  previously 
filled  lip  to  the  xero  mark  with  water, 
and  connected  to  a  reservoir  F;  this 
would  drive  water  out  of  F  into  the 
open  tube  E,  and  the  water  will  there- 
fore rise  in  E ;  but  in  practice  it  is  convenient  to  keep  the  gas 
always  at  the  same  volume;  this  may  be  done  by  raising  the 
pressure  in  the  open  limb  (E)  of  the  pressure  gauge  by  squeezing 
some  of  tlic  water,  with  which  the  gauge  is  filled,  out  of  a  rubber 
reservoir  Q  which  forms  the  base  of  the  gauge,  thus  the  level  of 
the  water  in  D  is  maintained  at  the  zero  mark,  while  that  in  E  rises 
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from  H  to  L  The  actual  measurement  then  ia  Lhe  increase  of 
pressure  (i.e.,  the  height  of  the  column  of  water  HI)  which  is 
iieceBsarj  to  keep  the  gas  at  the  same  volume  after  the  oxygen  or 
earhoDJC  acid  has  been  shaken  off  as  it  previously  occupied.  From 
this  the  quantity  coming  off  can  be  calculated. 

The  chemical  method  is  not  quite  m  accurate  as  t^e  vacuum 
pump,  but  it  is  much  more  convenieiit  for  the  study  of  many 
problems,  as  it  Tequires  lesa  blood,  and,  owing  to  its  simplicity, 
a  great  number  of  observations  can  be  made  upon  a  single  animal 

Changes  in  tissiLe  respiration  caused  by  artiviiy, — ^In  all  organs, 
so  lar  as  is  known,  increased  activity  is  associated  with  increased 
tissue  respiration*  The  increase  is  commonly  three  to  six  fold.  It 
is  oft^n  more  easy  to  demonstrate  tbe  augmenteil  oxygen  consump- 
tion than  the  augmented  output  of  carbonic  acid.  This  is  tlue  to 
several  causes:^!)  carbonic  acid  ih  soluble  in  the  tiasuea  in  which 
it  is  produced,  and  (2)  any  change  in  the  chemical  reaction  of  the 
tissues  alters  the  amount  of  carbonic  acid  which  they  give  out  to 
the  blood;  if,  for  instance,  it  becomes  more  alkaline,  it  retains  a 
greater  portion  of  its  carlxinic  acid* 

The  following  table  shows  the  variations  which  take  place  in  the 
oxygen  in- take  of  several  organs  of  chloroformed  animals  as  the 
msult  of  activity,  produced  by  widely  diflerent  forms  of  stimulus 
(Bsrcroft). 


QtWKn^ 

GOodUicnjDfB«sL 

Oondiaon  of 
AclltUy, 

Oiyg^atiMd 
per  mlputa. 

Muscle. 
Heart 

Kerves  cyt 

0-003  ex:. 

Took      (nerves 

UUCMt). 

ODOfl&c, 
0-020  C4i 

Very  slow  and 
feeble      t'un- 
tiactUms. 

O'OOr  at". 

Normal  controc- 

tlons. 
Very  active. 

O'OH 
0054  • 

Sub-maxillary 
giand. 

Nerves  cut. 

0'04  c.c* 

Chorda  stinmk' 
tion. 

0  13  c^ 

jpkncieafi. 

Not  secreting. 

0-05  f.c. 

Secretion     after 
injection       of 
secretin. 

0-20 

Kidney. 

Scanty  secretion. 

0'03c.c. 

After    injection 
of  diuretic. 

0*07  c,c. 

The  relation  of  the  oxygen  taken  in  to  the  carbonic  acid  given 
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out  m  well  shown  in  the  following  experiment  performed  by  Znntz 
on  the  leg  of  a  clog. 


Bl0Od'VviiMl. 

OaiailaBtfXMl 

Bemtrtt*, 

OiTiui. 

Gkrbcm* 

Carotid  artery 

Exchange      .        .        *        . 

1*2 
14-4 

36^32 
21*92 

MusdeB  tonic  (nerv^  uncut). 

lS-20 

144 

FemmnXwem 
Carotid  arteiy 

Exchange      ...» 

2'8S       8S16 
ia-30       2806 

After    section    of  scmtic    and 
cniral  nerves. 

I0'i5 

10*1 

Two  puints^  must  be  noted  in  considering  the  above  taUe: — 

(1)  That  tile  exchange  of  gases  was  decreased  on  cutting  the 
nerves.  The  decrease  in  nietabolisni  was  greater  even 
than  the  figures  show^  for  the  blood-flow  through  the 
leg  was  decreasetl 

(2)  That  the  oxygen  exchange  and  the  carbonic  acid  exchange 

alter  in  about  the  same  proportions.     The  ratio  of  ihe 

carbonic  acid  given  out  to  the  oxygen  taken   in  was 

14'4     .  101 

-p^T^  with  the  nerves  intact  and  --^r-r^  with  the  nerves  cut. 

Mffkt  of  reduced  osnfgen  tmmcn  on  tisme  reapiration. — Even  when 
the  oxygen  tension  in  the  blood  is  considerably  reduced,  the  tissues  still 
take  up  the  same  quantity  of  oxygen  as  before  and  give  out  as  much, 
or  slightly  more,  carlwnic  acid  ;  thus,  in  the  case  of  a  dog,  when  the 
oxygen  tension  in  the  blood  was  approximately  18  mm.  of  mercury  or 
one*fortieth  of  an  atmosphere,  163  ex,  of  oxygen  per  minute  were 
used  up  by  the  animal,  and  172  c.c.  of  carbonic  acid  were  given  out; 
normally  by  the  same  animal  the  oxygen  consumption  was  157  c.c, 
and  the  carbonic  acid  output  158  ex.  The  reason  why  the  tissues 
extract  oxygen  with  such  readiness  from  the  blood,  even  when  the 
oxygen  exists  in  the  blood  at  a  low  tension,  is  that  there  is  no  free 
oxygen  in  the  tissues  themselves  (and  they  always  thirst  for  it). 
This  fact  can  be  demonstrated  in  more  than  one  way, 

(1)  No  oxygen  can  he  extracted  from  the  tissues  by  exposing 
them  to  the  vacuum  of  an  air-pump, 

(2)  The  tissues  possess  the  power  of  reducing  such  substances 
as  methylene  blue,  as  explained  on  p.  378. 
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Ventilation. — It  is  necessary  to  allude  in  conclusion  to  this  very  important 
practical  outcome  of  our  consideration  of  respiration. 

Some  Continental  observers  have  statea  that  certain  noxious  substances  are 
ordinarily  contained  in  expired  air  which  are  much  more  poisonous  than  carbonic 
acid,  but  researches  in  this  country  have  failed  to  substantiate  this.  If  precautions 
be  taken  by  absolute  cleanliness  to  prevent  admixture  of  the  air  with  exhalations 
from  skin,  teeth,  and  clothes,  the  expired  air  only  contains  one  noxious  substance, 
and  that  is  carbonic  acid. 

Absolute  cleanliness  is,  however,  not  the  rule ;  and  the  air  of  rooms  becomes 
stuffy  when  the  amount  of  expired  air  in  them  is  just  so  much  as  to  raise  the 
percentage  of  carbonic  acid  to  0*1  per  cent.  An  adult  gives  off  about  0'6  cubic 
feet  of  carbonic  acid  per  hour,  and  if  he  is  supplied  with  1000  cubic  feet  of  fresh 
air  per  hour  he  will  add  0*6  to  the  0*4  cubic  feet  of  carbonic  acid  it  already 
contains;  in  other  words,  the  percentage  of  that  gas  will  be  raised  to  0*1.  An 
hourly  supply  of  2000  cubic  feet  of  fresh  air  will  lower  the  percentage  of  carbonic 
acid  to  0*07,  and  of  8000  cubic  feet  to  0*06,  and  this  is  the  supply  which  is  usually 
recommended.  In  order  that  the  air  may  be  renewed  without  giving  rise  to 
draughts,  each  adult  should  be  allotted  sufficient  space  in  a  room,  at  least  1000 
cubic  feet 
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The  body  is  built  up  of  a  large  number  of  chemical  elementB,  whieh 
are  in  most  instances  united  together  into  compounds. 

The  elements  found  in  the  body  are  carbon,  nitrogen,  hydrogen, 
oxygen,  sulphur,  phosphorus,  fluorine,  chlorine,  iodine,  silicon,  sodium, 
potaasiiun,  calcium,  magnesium,  Hthium,  iron,  and  occasionally  traces 
of  manganese,  copper,  and  lead. 

Of  these  very  few  occur  in  the  free  state.  Oxygen  (to  a  small 
extent)  and  nitrogen  are  found  dissolved  in  the  blood;  hydrogen  is 
formed  by  putrefaction  in  the  alimentary  canaL  With  some  few 
exceptions  such  as  these,  the  elements  enumerated  above  are  found 
combined  with  one  another  to  form  what  are  called  compounds. 

The  compounds,  or,  aa  they  are  frequently  termed  in  physiology, 
the  pToximait  principles,  found  in  the  body  are  divided  into — 

(1)  MLuera!  or  inorganic  compounds. 

(2)  Organic  compounds,  or  compounds  of  carbon* 

The  inorganic  compounds  present  are  water,  various  acids  (such 
as  hydrochloric  acid  in  the  gastric  juice),  ammonia  (as  in  the  urine), 
and  numerous  salts,  such  as  calcium  phosphate  in  bone,  sodium  chloride 
in  blood  and  urine,  and  many  others. 

The  organic  compounds  are  more  numerous ;  they  may  be  sub- 
divided into — 

{pro(sim—fi.*f.,  alburaitit  myosin,  casein*  gelatin,  etc 
Nitrogenaus.         J  8im^pi«r  nUro^cnouv  hodiet — ^?»^7.,  let'ithin,  ureai 
\     creatine. 

fFaf^ — e.if.^  butter,  fats  of  adipose  tissue, 
Mnn  nitw>iri-nmis   '  Cfirhohf/'Urafeii—e^ff^,  sugar,  Staix-h, 
I^on-nitrogenous.-  ^.^^^^^^^  organic  bodiM--e.g,,  cholestmn.  lactic 
[     acids* 

The  subdivision  of  the  organic  proximate  principles  into  proteins, 
fats,  and  carbohydrates  forms  the  starting-point  of  chemical  physiology* 

Oarbohydrates, 

The  Oarbohydrmtes  are  found  chiefly  in  vegetable  tisBuefl,  and 
many  of  them  form  important  foods.     Some  carbohydrates  are,  how- 
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evier,  foasd  m  i 
of  ^waemTOj 

The  cuii^jthsta  maj  ba 
Gftflioi^  Iijdn^gn,  md  lousBn,  tiio  tun 

<*»  -    .      ■      ■      ■ ' 

endi  as  Aaeiie  a^  I 

Bdsasrch  hu  fihown  ihMi  tlm  dmBotml  mmmi^mlkm  of  titm  iim|ili«l 
€«rbohjdiftteB  la  Ihal  of  ma  ildeb jda^  m  a  hetmm,  nd  tint  tte  i 

pttidiicto  ol  Ihd  8iiD|ife 
In  otdBr,  tberaine^  tliat  «e  may  nadecBtud  tfafi  noMtiliatiiiii  oi  i 
substsDoeQ,  it  it  fail  wooamrj  Hul  lio  abooM  nfiteiiuftd  wbat  is 
nueonl  bj  tbe  tenas  ildelijde  ud  festaoa 

A  pnmaiy  dednol  19  mm  in  wbidi  tim  bydroxyl  (OH)  m  tklUch&i 
the  last  earbcKD  atom  of  the  ehalo ;  Its  end  group  m  CH^OH.  Thus 
I  formola  for  conunaii  alcohol  (primMTj  ethj^l  akohol)  19 

Tbd  formiik  for  the  neoet  alcohol  of  tbs  same  aeriea  (pdmaiy 
prop  jl  alcohol)  la 

CH^.CHj.CH^OH, 

If  a  primiixj  alcohol  m  oxidiaed,  the  first  oxidatioii  product  ia 
"  an  oMth^s  ;  thus  elbjl  akohol  rields  acetic  aldehyde : — 

O  -   CH^.CHO   +   H.O. 

The  typical  eud-grottp  CHO  of  the  aldehyde  is  not  stable,  but  ia 
lAailj  oxidisable  to  form  the  group  COOHj  and  the  compound  so  formed 
Ib  called  an  acid ;  in  this  way  acetic  aldehyde  forms  acetic  acid  i — 


O    =   CHj.COOH- 


The  majority  of  tho  simple  sugars  are  aldehydes  of  more  complex 
alcohok  than  ttis ;  they  are  spoken  of  as  ald&sm.  The  readiness  with 
which  aldehydes  are  oxidisable  renders  them  powerful  reducing  agontd, 
and  this  furnishes  us  with  some  of  the  teats  for  the  eugaia. 

Let  ns  now  turn  to  the  case  of  the  ketonea  A  secondary  alcohol 
is  on©  in  which  the  OH  group  is  attached  to  a  central  carUm  atom ; 
thus  secondary  propyl  alcohol  has  the  formula 

CHgXHOH.CH^. 

Its  typical  group  is  therefore  CHOH.    When  this  is  oxidised,  tho 
first  oxidatiou  product  is  called  a  ketone,  thus : — 

CH..CHOH.CH3  +   O  =   CHg.CO.CH,  +   up. 

[BooQTidKiy  propyl  aJ<»hoL )  (Pi^yl  ketOiH.) 

tt  therefore  contains  the  group  CO  in  the  middle  of  the  chain* 
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Some  of  thd  sugars  are  ketones  of  more  complex  alcohols ;  these  are 
called  keiosss.  The  only  one  of  these  which  is  of  physiological  intereat 
18  leviilose. 

The  alcohols  of  which  we  have  ah-eady  spoken  are  called  moimtomie^ 
hecause  they  contain  only  one  OH  group.  Those  which  contain  two 
OH  groups  (like  glycol)  are  called  diatomic;  those  which  contain 
three  OH  groups  (like  glycerin)  are  called  triatomic ;  and  bo  on.  The 
hexatomic  alcohols  aro  those  which  contain  si:s  OH  groupa  Three 
of  these  hexatomic  alcohols  with  the  formula  C^jHg  (OH)^^  are  of 
physiological  interest ;  they  are  isomerides,  and  their  names  are  sorbite, 
mannite,  and  dulcite.  By  careful  oxidation  their  aldehydes  and 
ketones  can  be  obtained ;  these  are  the  simple  sugars ;  thus,  dextrose 
is  the  aldehyde  of  sorbite;  mannose  is  the  aldehyde  of  mannite; 
levulose  is  the  ketone  of  mannito ;  and  galactose  is  the  aldehyde  of 
dulcita  These  sugars  all  have  the  empirical  formula  C^H^^q.  The 
oonatitutional  formula  for  dextrose  is : — 


H       H        H        H 


H- 


ol. 


I 


I  I  , 

OH     OH     OH     OH     OH 

By  further  oxidation,  the  sugars  yield  acids  with  various  names" 
If  wo  take  such  a  sugar  as  a  typical  specimen,  we  see  that  their  general 
formula  is 

C,H^O„ 

and  as  a  general  rule  n  =  m ;  that  is,  the  nimaber  of  oxygen  and  carbon 
atoma  are  equal  This  number  in  the  case  of  the  sugars  already 
mentioned  is  six.     Hence  they  are  called  hexcses. 

Sugars  are  known  to  chennsts*  ir>  which  this  number  is  3,  4^  5,  7*  etc.,  ftnd 
the^i^  fvreL'ulleil  trioses,  tetroseSH  pentoses,  heptoses,  etc.  The  Tiiajortty  of  iheae 
have  no  physiti]{i|jtt"Jil  interest.  It  should,  however,  be  toentioneii  that  ^  pentose 
has  been  obtained  from  tlie  nticleoproteiTi  of  the  pnncrens»  of  the  liver*  nnd  of  yeast 
If  the  penUises  that  are  foumi  in  various  plants  are  given  to  an  aniraaL  they  arc 
ejtcreteti  in  great  measure  unchanged  in  the  urine. 

The  hexoses  are  of  great  physiological  iniportanca  The  principal 
ones  are  dextrose,  levulose,  and  galactose.  These  are  called  Tmno- 
BacchoTvim. 

Another  important  group  of  sugars  are  called  duaecharidss ; 
these  are  formed  by  what  is  called  condensation ;  that  is,  two  mole- 
cules of  monosaccharide  combine  together  with  the  loss  of  a  molecnle 
of  water,  thus : — 

The  principal  members  of  the  disacch&ride  group  are  cane-sugar, 
lactose,  and  maltosa 


CH.  XXV-] 
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If  more  than  two  molectiles  of  the  monos^Kxhaiide  group  undetTgo 
a  coirespondiBg  coiideiiflation,  we  get  what  are  called  pdysaeckaTidt&. 

The  principal  polj^ccharidee  are  Btareh,  glyccgan^  various  dextrins, 
and  celluloae.  We  may,  therefore,  airau^  the  important  oarbo* 
hydrates  of  the  haxoee  family  in  a  tabalar  form  as  followa: — 


C„H„0,». 


flL  I'to4nuiebuid«9  or  Anv- 


Leruloae. 
Galactose. 


-  CaB«  sugiu-. 
^-  Laeta&& 
^  Maltose 


-  Stafi'h. 

+  Dextrin, 
CeUulo&e. 


The  +  and  -  mgns  in  the  above  list  indicate  that  the  siibsUncea 
to  which  they  are  prefixed  are  dextro-  and  levo-rotatory  re8f>ec lively 
aa  regards  polarised  light.  The  formulae  given  in  the  table  are  merely 
empirieal ;  the  quantity  n  in  the  starch  group  is  variable  and  often 
large.  The  following  are  the  chief  facts  in  relation  to  each  of  the 
principal  carbohydratee. 

Dextrose  or  Grape  Siigar. — This  carbohydrate  is  found  in  many 
fruits,  honey,  and  in  minute  quantities  in  the  blood  and  numerous 
tiBSuee,  organs,  and  fluids  of  the  body.  It  is  the  form  of  sugar  found 
in  large  quantities  in  the  blood  and  urine  in  the  disease  known  as 

Dextrose  is  soluble  in  hot  and  cold  water  and  in  ^eohoL    It  is 

crystalline,  but  not  so  sweet  as  cane  sugar.  When  heated  with  strong 
potash  certain  complex  acids  are  formed  which  have  a  yellow  or 
brown  colour.  This  constitutes  Moore's  test  for  sugar.  In  alkaline  solu- 
tions dextrose  reduces  salts  of  silver,  bismuth,  meroury,  and  copper. 
The  reduction  of  cnpric  to  cuprous  salts  constitute  Tromm^'s  test, 
which  is  performed  as  follows :  put  a  few  drops  of  copfier  sulphate 
into  a  test-tube,  then  Balution  of  dextrose,  and  then  strong  caustic 
potash.  On  adding  the  potash  a  precipitate  is  first  formed  which 
dissolves,  forming  a  blue  solution.  On  boiling  this  a  yellow  or  red 
precipitate  (cuprous  hydrate  or  oxide)  forms. 

On  boiling  a  solution  of  dextrose  with  an  alkaline  solution  of 
picric  acid,  a  dark  red  opaque  solution  due  to  reduction  to  picramic 
acid  is  produced. 

Another  important  property  of  grape  sugar  is  that  under  the 
influence  of  yeast  it  is  converted  into  alcohol  and  carbonic  acid 
(C,H,,0^  =  2aH,0  +  2CO2). 

Dextrose  may  be  estimated  by  the  fermentation  test,  by  the  polari- 
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meter,  and  by  the  use  of  Fehling's  solution.    The  laat  method  m  the 

moat  important:  it  rests  on  the  same  principles  aa  Trommer's  test, 
and  we  shall  study  it  in  connection  with  diabetic  urina 

Levtilose. — When  cane  sugar  is  treated  with  dilute  mineral  acidfl 
it  imdergoes  a  process  kuowa  as  invm'Bum — ie.,  it  takes  up  water  and 
is  converted  into  equal  parts  of  dejcfeose  and  levulose.  The  previously 
dextro-rotatory  solution  of  cane  sugar  then  becomes  levo-rotatorj,  the 
levo-rotatory  power  of  the  lev'^uloae  being  greater  than  the  dextro- 
rotatory power  of  the  dextrose  formed.  Hence  the  term  inversimL 
The  same  hydrolytic  change  is  produced  by  certain  ferments,  such  aa^ 
the  invert  ferment  of  the  intestinal  juice. 

Pare  levulose  can  be  crystallised,  but  so  great  is  the  difficulty  ■ 
obtaining  crystals  of  it  that  one  of  its  names  was  uncrysialli 
sugar.  Small  quantities  of  levulose  have  been  found  in  blood,  urine, 
and  muscle.  It  has  been  recommended  as  an  article  of  diet  in  diabetes 
in  place  of  ordinary  sugar;  but  there  are  no  substantial  grounds  for 
believing  that  levulose  is  less  harmful  than  other  sugars  in  this  diseasa 
Levulose  gives  the  same  general  reactions  as  dextrose. 

Galactose  is  formed  by  the  action  of  dOute  mineral  acids  or  of 
inverting  fennenta  on  lactose.  It  resembles  dextrose  in  its  action  on 
polarised  light,  in  reducing  cupric  salts  in  Trommer's  test^  and  in  being 
directly  fermentable  with  yeast.  When  oxidised  by  means  of  nitric 
acid  it  yields  an  acid  called  mttcic  add  (CsHioOg),  which  is  only  slightly 
soluble  in  water  Dextrose  when  treated  in  this  way  yields  an  iso- 
meric acid — le.j  an  acid  with  the  same  empirical  formula,  called  sac- 
charic  aoid,  which  is  very  soluble  in  water. 

Cane  Sugar  is  generally  distributed  in  the  vegetable  kingdom, 
but  especially  in  the  juices  of  the  sugar  cane,  beetroot,  mallow,  and 
sugar  maple.  It  is  a  substance  of  great  importance  as  a  food.  It 
undergoes  inversion  in  the  alimentary  canal  It  is  crystalline,  and 
dextro-rotatory.  With  Trommer's  test  it  gives  a  blue  solution,  but 
no  reduction  occurs  in  boiling.  After  inversion  it  is,  of  course, 
strongly  reducing. 

Inversion  may  be  accomplished  by  boiling  with  dilute  mineral 
acidsj  or  by  means  of  inverting  ferments  such  as  that  occurring  in  the 
intestinal  juice.  It  then  takes  up  water,  and  is  split  into  equal  parte 
of  dextrose  and  levulose. 


12      22      11 

[Cims  augir.] 


With  yeast,  cane  sugar  is  first  inverted  by  means  of  a  special  eolubli 
ferment  secreted  by  the  yeast  cells,  and  then  there  is  an  alcoholic 
fermentation  of  the  glucoses  so  formed. 

Lactose^  or  Milk  Sugar,  occurs  in  milk.      It  is  occasionally 
found  in  the  urine  of  women  in  the  early  days  of  lactation,  or  after 
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weamng.  It  is  crj'staliisablej  dextro-rotatory,  much  leas  soluble  in 
water  than  other  sugars,  and  has  only  a  slightly  sweet  taste.  It 
gives  Trommer's  teat,  but  when  the  reducing  power  is  tested  quanti- 
tatively by  Fehling*s  solution  it  is  found  to  be  a  less  powerful  reduc- 
ing agent  than  dextrose,  in  the  proportion  of  7  to  10, 

When  hydrolysod  by  similar  agencies  as  those  mentioned  in  con- 
nection with  cane  sugar,  it  takes  up  water  and  splits  into  dextrose 


and  galactose. 


Ci.H^p„   +   H.,0   - 


[Lactoi 


tOU},] 


C«H,,0,. 

[neixtJTve.] 


With  yeast  it  is  first  inverted,  and  then  alcohol  is  formed.    This,  how- 
ever, occurs  slowly. 

The  lactic  acid  fermentation  which  occurs  when  milk  turns  sour 
is  brought  about  by  micro-organisms,  which  are  somewhat  similar  to 
yeast  eeUs,  Putrefactive  bacteria  in  the  intestine  bring  about  the 
same  result.  The  two  stages  of  the  lactic  acid  fermentation  are 
represented  in  the  following  equations : — 


(1.)  Ci  H,,0,. 


+   H,0   = 


4C,HA. 


(2.)  4C3H,0,  =   3C,HgO,  +  4C0,  + 

[ Lactic  i£ld. ]         [But yric  iwll .  1 


4H, 


Maltose  is  the  chief  end  product  of  the  action  of  malt  diastase  on 
starchi  and  is  also  formed  as  an  intermediate  product  in  the  action  of 
dilute  sulphuric  acid  on  the  same  substance.  It  is  the  chief  sugar 
formed  from  starch  by  the  diastatic  ferments  contained  in  the  saliva 
and  pancreatic  juice.  It  can  be  obtained  in  the  form  of  aeicular 
crystals,  and  is  strongly  dextro-rotatory.  It  gives  Trommer's  test ; 
but  its  reducing  power ,  as  measured  by  Fehling's  solution,  is  one-third 
less  than  that  of  dextrose.      With  yeast  it  yields  alcoboL 

By  prolonged  boiling  with  water>  or,  more  readily,  by  boiling  with 
a  dilute  miaeral  acid,  or  by  means  of  an  inverting  ferment,  such  as 
occurs  in  the  intestinal  juice,  it  is  converted  into  dextrose. 


H.O   =    2C,H,,0,, 

[D«¥trDae.] 


Phenyl  Hydrazine  Test. — The  three  important  reducing  sugars 
with  which  we  have  to  deal  in  physiology  are  dextrose,  lactose,  and 
maltose.  They  may  be  distinguished  by  their  relative  reducing 
powers  on  Fehling's  solution,  or  by  the  characters  of  their  osazones. 
The  osazone  is  formed  in  each  case  by  adding  phenyl  hydrazine  hydro- 
chloride, and  sodium  acetate,  and  boiling  the  mixture  for  al>out  half  an 
hour*  In  each  case  the  osazonc  is  deposited  in  the  form  of  bright 
canary-coloured,  needle -like  crystals,  usually  in  bunches,  which  differ 
in  their  crystalline  form,  melting-point,  and  solubilities*  Cane  sugar 
does  not  yield  an  osazone. 


I 


Staroh  is  widely  cHffiiaed  fchrough  the  vegetable  kingdom.  Ife 
CKScura  in  nature  in  the  form  of  inicroacopic  grains,  varyiug  in  size  and 
appearance,  according  trO  their  source.  Each  consists  of  a  central  spot* 
round  which  more  or  less  concentric  envelopes  of  starch  proper  or 
granuloae  alternate  with  layers  of  cellulose.  Cellulose  has  very  little 
digestive  value,  but  starch  is  a  ruost  iinportaBt  food. 

Starch  is  insoluble  in  cold  water:  it  forms  an  opalescent  solution 
in  boiling  water,  which  if  eoncentrated  gelatinises  on  cooling.  Its 
most  oharaeteristic  reactbn  is  the  blue  colour  it  gives  with  iodme. 

On  heating  starch  with  mineral  acids,  dextrose  is  formed.  By  the 
action  of  diastatic  ferments,  maltose  is  the  chief  end  product.  In 
both  eases  dextrin  is  an  intermediate  stage  in  the  proceaa  M 

Before  the  formation  of  dextrin  the  starch  solution  loses  its  opal- " 
escence,  a  substance  called  sdahk  starch  being  formed.     This,  like 
native  starch,  gives  a  blue  colour  with  iodine.     Although  the  mole-H 
oular  weight  of  starch  is  unknown,  the  formula  for  soluble  starch  is'^ 
probably  5(Ci£H^oOio)a«'     Esjuations  that  represent  the  formation  of 
sugars  and  dextrins  from  this  are  very  complex, 
and  are  at  present  only  hypothetical 

Dextrin  is  the  name  given  to  the  inter- 
mediate products  in  tlie  hydrolysis  of  starch  or 
glycogen,  and  two  chief  varieties  are  distin- 
guisbo<i : — erythnhd^xtriiit  wbieh  gives  a  reddish- 
brown  colour  with  iodine;  and  etehroO'dexlrin, 
which  does  not. 

It  is  readily  soluble  in  water,  but  insoluble 
in  alcohol  and  ether.  It  is  gummy  and  amorphous.  It  does  not 
give  Trommer's  tesfc,  nor  does  it  ferment  with  yeast*  It  is  dextro- 
rotatory.    By  hydrolysing  agencies  it  is  converted  into  glucose, 

QlycogBn,  or  animal  starch,  is  found  in  liver,  mnscle,  and  white 
blood  corpuscles.     It  is  also  abundant  in  all  embryonic  tissues. 

Glycogen  is  a  white  tasteless  powder,  soluble  in  water,  but  it 
forms,  like  starch,  an  opalescent  solution.  Ifc  is  insoluble  in  alcohol 
and  ether.  It  is  dextro-rotatory.  With  Trommer's  test  it  gives  a 
blue  solution,  but  no  reduction  occurs  on  bctiling. 

With  iofiine  it  gives  a  reddish  or  port^wine  colour,  very  similar  to 
that  given  by  erj^thro-dextrin.  Dextrin  may  be  distinguished  from 
glycogen  by  (1)  the  fact  that  it  gives  a  clear,  not  an  opalescent,  solu- 
tion  with  water ;  and  (2)  it  is  not  precipitated  by  basic  lead  acetate 
as  glycogen  ia  It  is,  however,  precipitated  by  basic  lead  acetate  and 
ammonia,  (3)  G-lycogen  is  precipitated  by  65  per  cent,  of  alcohol ; 
the  dextrins  require  85  per  cent,  or  more* 

Cellulose. — This  is  the  colourless  material  of  which  the  cell-walls 
and  woody  fibres  of  plants  are  composed.  By  treatment  with  strong 
mineral  acids  it  is,  like  starch,  converted  into  glucose,  but  with  much 


tifl,  Wk-^mln*  of  poUtp 
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greater  difficidty.  The  various  digeBtive  ferments  liave  little  or  no 
action  on  celliilose ;  hence  the  necessitj  of  boiling  starch  before  it  is 
taken  as  fooi  Boiling  bursts  the  cellulose  envelopes  of  the  starch 
grains,  and  8o  allows  the  digestive  juices  to  get  at  the  starch 
proper. 

Cellulose  is  fonnd  in  a  few  animals,  as  in  the  test  or  outer  invest- 
ment of  the  Tunicates. 

[Inofilt^,  farnUTly  i  aJkd  muscle  iugar  {C^,H|.pj,  is  found  in  raust-Ie,  kidney, 
liver,  and  other  pitrts  of  the  l>ody  in  small  quantiltei^.  It  is  &ko  largely  found  in 
the  vegetable  khijrdoitu  It  is  crystaliisitbie*  and  lias  the  fiaine  empiric^  formula  as 
the  g-lucoses*  It  is,  however,  not  a  sugar*  and  careful  analysis  has  shown  that  it 
really  t>elong5  to  the  arornatk  series,  ] 


■The  Fata. 

Fat  is  found  in  small  qnanlitiea  in  utanj  animal  tissues.  It  is, 
however,  found  in  large  quantities  in  three  situationa,  viz,,  marrow, 
adipose  tissue,  and  milk. 

The  contents  of  the  fat  cells  of  adipose  tissue  are  fluid  during  life, 
the  normal  temperature  of  the  bcjdy  (37^  C,  or  99'  F,)  beijjg  con- 
siderably above  the  melting-poiut  (25^  C.)  of  the  mixture  of  the  fats 
found  there.  These  fats  are  three  in  number,  and  are  coM^d  palmitin, 
Btmri%  and  oldn.  They  differ  from  one  another  in  chemical  com- 
position  and  in  certain  physical  characters,  such  as  melting-point  and 
solubilitieat  Olein  melts  at  —5'  C,  palmitin  at  45°  C,  and  stearin 
at  53-66''  C  It  is  thus  olein  which  holds  the  other  two  dissolved  at 
the  hoily  temperature.  Fats  are  all  soluble  in  hot  alcohol,  ether,  and 
chloroform,  but  insoluble  in  water. 

Ghenucal  Conatitntion  of  the  Fata.— The  fats  are  compounds  of 
fatty  acids  with  glycerin,  and  may  l^e  termed  glycerides  or  glyovric 
ethers. 

The  fatty  acids  form  a  series  of  acids  derived  from  the  monatomic 
alcohols  by  oxidation.  Thus,  to  take  ordinary  ethyl  alcohol,  C^HyO, 
the  first  stage  in  oxidation  is  the  removal  of  two  atoms  of  hydrogen 
to  form  alddbyde,  OMfi ;  on  further  oxidation  an  atom  of  oxygen  is 
added  to  form  acetic  acid,  C^H^Og. 

A  similar  acid  can  be  obtained  from  all  the  other  alcohols, 
thus : — 


From  methyl  alcohol 
„    ethyl         t, 
„    propyl 
„     butyl 
„     aniyl  „ 

,,     heicyl         », 


CHj.HO»  formio     acid     RCOOH  is  obtained. 

CjHj^.HO.  a*:cUc        „    CH,XtX)H 

diH;.HO,  propi^nSr  „  QH;,X00H 

C-Hi^HO,  butyric      ,,  C,H-XOOH 

a>i|i,HO.  valeric       ,.  C,H,,COOH 

Ci^H^s-HO,  caproic      ,.  CaH„.COOH 


and  so  on. 

Or  in  general  terms : — 
From    the    alcohol    with 


formula   CVHa^  +  i.HO,   the  acid   with 
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formula  Cn-iHsn-iCOOH  is  obtained.  The  sixteenth  term  of  this 
series  has  the  formula  CibHsi.COOH,  and  is  called  palmitic  acid; 
the  eighteenth  has  the  formula  CnHg^COOH,  and  is  called  steaHe 
acid.  Each  acid,  as  will  be  seen,  consists  of  a  radical,  C,r_iH2«_iC0, 
united  to  hydroxy  1  (OH).  Oleic  acid,  however,  is  not  a  member  of 
this  series,  but  belongs  to  a  somewhat  similar  series  known  as  the 
a&rylic  serus,  of  which  the  general  formula  is  Cn^iH2iv_s.C00H,  I^_ 
is  the  eighteenth  term  of  the  series^  and  its  formula  is  CnHss-COOHJH 

The  first  member  of  the  group  of  alcohols  from  which  this  acrylic  series  of 
acids  is  obtained  is  called  fiW  alcohol  (CR^:  CRCH.OH);  the  aldehyde  of 
this  is  arrofmn  {CH,j;CH.CHO),  and  the  farrrLula  for  the  acid  (acrylic  acid]  \& 
CH^sCHXOOH,  It  will  be  noticed  thiit  twq  of  the  carbon  atoms  are  united  by 
two  valencies,  and  these  bodies  are  therefore  un. saturated  ;  they  arc  imst&ble  and 
are  prone  to  undergo  by  uniting  with  another  element  a  eonversmn  into  bodiea  in 
which  the  carbon  atoms  are  united  by  only  one  bond.  This  accounts  for  their 
reducing  action,  and  it  is  owini^  to  this  that  the  colour  reactions  with  osmic  acid 
and  Sudan  III.  «re  du&  Fat  which  contains  any  menil>er  of  the  acniic  series  such 
a.^  oleic  acid  blat-kenn  osmic*  acid,  by  reducing  it  to  a  lower  (black)  oxide.  The 
fmtA  patmitin  and  ste^irin  do  not  give  this  reaction.  ^_ 

Glycerin  or  Glycerol  is  a  triatomic  alcohol,  CaHsCHO)^ — i^.,  thr©^* 
atoms  of  hydroxyl  miitad  to  a  radical  glyceryl  (C^H^),  The  hydrogen 
in  the  hydroxy  1  atoms  is  replaceable  by  other  organic  radicals.  As 
au  example,  take  the  radical  of  acetic  acid  calleil  acetyl  (CH3.CO). 
The  following  formulfe  represent  the  derivatives  that  can  be  obtaiiied 
by  replacing  one,  two,  or  all  three  hydroxyl  hydrogen  atoms  in  thia» 
way: — 

fOH  I  OH  fO.CH,XO 

C,Ha    OH  C,Hq  \  OXH  ^CO     QH,    OXH^CO 

[  O.  CH^  CO  I  O.CH,XO  [  O.  CH^CO 


fOH 

C.H,  OH 

lOH 

{OljrMrfn,] 


Triadatin  is  a  type  of  a  neutral  fat;  stearin,  palmitin,  and  olein 
ought  more  properly  to  be  called  tfuttarin^  tripalmitin,  and  triolein 
respeotively.  Each  consists  of  glycerin  in  which  the  three  atoms  of 
hydrogen  in  the  hydroxyls  are  replaced  by  radicals  of  the  fatty  acid* 
Ttiia  Ib  repreeented  in  the  following  formuliB; — 


AHtL 
Pklntitic  acid  C„H  ^XOOH 
g|««riea£id    C,,H^,XOOH 
Oleic  at  id       Ci^H^XOOH 


Paltnityl  C,.vH,,XO 
Stearj4  Q,H,fi,CO 
Oteyl       C,:Hst.CO 


FnL 
Palmitin  C^H,{OC,pHa,.CC 

Stearin    C^f 
Olein       C;HJ 


:,HiOC„H„.COi 
.HioC.H^^COS 
,H,OC„H,^COj 


Decompositloti  Prodticts  of  the  Fata —The  fats  split  np  int^H 
the  substances  out  of  which  they  are  built  up.  ^H 

Under  the  influence  of  superheated  steam,  mineral  acids,  and  in 
the  body  by  means  of  certain  ferments  (for  instance,  the  fat-aplitting 
fermentp  steapsin,  of  the  pancreatic  juice),  a  fat  combines  with  water 
and  splits  into  glycerin  and  the  fatty  acid.     The  following  equ 
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tioii   represents   what   occurs    in  a   fat,   taking   tripalmitin  aa  an 
^cample : — 

[TfipftimitLD^i  at.]  [dlywriii.]  iPklmiLKj  add— a 

In  the  proc&BB  of  saponifleatlon  much  the  same  aort  of  reaction 
CKJCurs,  the  final  products  being  glycerin  and  a  compound  of  the  haae 
with  the  fatty  acid  which  is  called  a  soap.  Suppose,  for  instance,  that 
potaseixmi  hydrate  is  used ;  we  get — 

qH_^(O.CjsHjjXO)g   +   3KH0   =   C3H,XOH)3  +   aC^^HgjCO.OK, 

UmiilBiflcatiozL — Another  change  that  fats  undergo  in  the  body 
ia  very  different  from  saponification.  It  is  a  physical  rather  than  a 
chemical  change;  the  fat  ia  broken  up  into  very  small  globules,  such 
as  are  seen  in  the  natural  emulsion — milk. 

liecithin  (C42Hg4NPO^). — This  is  a  very  complex  fat,  which  yields 
on  decompoaition  not  only  glycerin  and  fatty  acids  (stmric  and  oleic)^ 
but  phosphoric  acid,  and  an  alkaloid  [N.(CH3)jjC2H^jO  J  called  ckoliTie  in 
addition.  This  substance  ia  found  to  a  great  "extent  in  the  nervous 
system  (see  p,  170),  and  to  a  small  extent  in  biLe.  Together  with 
cholestetdti,  a  crystallisable,  monatomic  alcohol  (C27H4.r,.HO),  which 
we  shall  consider  more  at  length  in  connection  with  the  bile,  it  is 
found  in  amall  quantities  in  the  protoplasm  of  all  cells* 

Tlie  Proteins. 

The  proteins  are  the  most  important  substances  that  occiu*  m 
animal  and  vegetable  organisms,  and  protBin  metabolism  is,  aa  already 
noted  (p.  7),  the  most  characteristic  sign  of  life. 

They  are  highly  complex  compounds  of  carbon,  hydrogen,  oxygen, 
uitrogen,  and  sulpliur,  occurring  in  a  solid  vine  una  condition  or  in 
solution  in  nearly  all  parts  of  the  body*  The  different  members  of 
the  group  present,  however,  great  differences  in  their  chemical  and 
physical  properties. 

The  proteins  in  the  food  form  the  source  of  the  proteins  in  the 
Ixjdy  tissues,  but  the  latter  are  usually  different  in  composition  from 
the  former.  The  food  proteins  are  in  the  process  of  digestion  broken 
up  into  simpler  substances,  usually  called  cleavage  prod'uds,  and  it  is 
from  these  that  the  body  cells  reconstruct  the  proteins  peculiar  to 
themselves*  As  a  result  of  kataljolie  processes  in  the  bodyp  the 
proteins  are  finally  again  broken  down,  carbonic  acid,  water, 
sulphuric  acid  (combined  as  sulphates),  urea,  and  creatinine  being 
the  principal  final  products  which  are  discharged  in  the  urine  and 
other  excretions.  The  substauees  intermediate  between  the  proteins 
and  these  final  katabolites  will  be  discussed  under  urine* 
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The  folio  winy  figures  will  fionvince  the  ntudcut  how  diflerent  the 
proteins  are  in  elementary  composition,  Hoppe-Seyler  many  }'e-ars 
ago  gave  the  variations  in  percentage  composition  as  foUowB: — 

C  H  N  S  O 

From      .         .         .         ,         ,51-5         6^9         15-2        O'il         20^9 
To,         .         .         .        ,         .54*5        7^3        17*0        2*0        23'^ 

Recent;  researcli  has  since  shown  that  the  vamtiona  are  even  greater 
than  those  just  stated. 

The  same  fact  is  brought  home  niore  vividly  when  the  cleava^ 
products  are  separated  and  estimated.  These  differ  both  in  kind 
and  in  a^nount,  but  nearly  all  of  them  are  substances  which  are 
termed  amino-mids.  Emil  Fif^cher,  to  whom  we  owe  so  much  of  our 
knowledge  in  this  direction,  considers  that  the  proteins  are  linkages 
of  a  greater  or  lesser  number  of  these  amiuo-acids,  and  there  is  little 
doubt  that  in  the  future  Mb  work  will  result  in  an  actual  synthesis 
of  the  protein  molecule,  and  w^ith  that  will  come  an  accnrateH 
knowledge  of  its  constitution.  ^H 

When  the  protein  molecule  is  broken  down  in  laboratory^^ 
processes,  or  by  the  digestive  ferments  which  occur  in  the  alimen- 
tary canal,  the  essential  change  is  due  to  what  is  calleil  hydrolym; 
that  is,  the  molecule  unites  with  water  and  then  lireaks  up  into 
smaller  molecules.  The  first  cleavage  products,  which  are  called 
proteoses^  retain  many  of  the  characters  of  the  original  proteiui  and 
the  same  is  true^  though  to  a  less  degree,  of  the  peptones,  which  come 
next  in  order  of  formation.  The  peptones,  in  their  turn,  are 
decomposed  into  sliort  linkages  of  aniino-acids,  ^vhich  are  called 
polypiptideB,  and  finally  the  individual  amino-acids  are  obtained 
separated  from  each  other, 

Wh  Lt  we  have  already  learnt  about  the  fatty  acids  will  help 
in  understanding  what  is  meant  by  an  a  mine -acid. 

If  we  take  acetic  acid,  which  is  one  of  the  simplest  of  the  fatt; 
acids,  we  see  that  its  formula  is 

CH^ .  COOH, 

If  on©  of  the  three  hydrogen  atoms  in  the  CHg  group  is  replg 
by  NHj,  we  get  a  substance  which  has  the  formula 

CH3,NH2,COOH. 

The  comhination  NH^,  which  has  stepped  in,  is  called  the  amino^ 
group,  and  the  new  substance  now  formed  is  called  amino-aoeti 
acid ;  it  is  also  termed  glycine  or  glycocolL 

We  may  take  another  example  from  another  fatty  acid.     Pro 
pionic  acid  is  C^H^ .  COOH  ;  if  w^e  replace  an  atom  of  hydrogen  by ' 
the  amino-group  as  before,  we  obtain  C^H^ .  NH., .  COOH,  which  is^ 
amino-propionic  acid  or  alanine. 

Going  a    little  higher  in    the  scale,  and   taking  caproic    aoL 
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C^Hy .  COOIL    we    QbfeBin    Eroin   il   in  an  exactly  aimilar    way, 
C^H^ .  XH^ .  COOHp  vhkji  k  miiiiiio-»[iroic  mM  or  l&ae^mm, 

AH  xhe  three  mmno-mHEmailian^  (gljcane,  ahiune,  and  lonciike) 
aie  found  among  the  final  deava^  prodocta  ot  moel  pioleiiia;  bnl 
there  ate  m  good  many  mote  m  mUHmi,  for  inslaiioe : — 

AxQino-fuleno  acid, 

AjaiinO'Soiyinaniin  aind  (aspaiagiiie)^ 

Ammo^^oiocinie  acid  (aspartic  aeid)» 

AmiDo-pjTotart&iic  aeid  (gliHaxoic  aidd), 

Amino-hjdroiy-propionic  acid  (sefin^X 
flome  of  which  are  deriyed  from  fatty  acids  of  a  different  series  from 
just  emiioerated. 

But  in  all  tbefie  casea  there  is  only  one  replacement  of  an  atom 
en  by  NH^;  hence  they  are  called  mtmo-amino-acids. 
ig  to  the  next  stage  in  complexity,  we  come  to  another  group 
of  amino^icids  which  are  called  diamin4}'Bcids ;  that  is,  fatty  acids  in 
which  two  hydrogen  atoms  are  replaced  by  NH,  groups.  Of  these  we 
may  particularly  mention  lysine,  ornithine,  arginine,  and  hlstidine. 

I^TBlna  is  diamino-caproic  acid.  Caproic  acid  is  C^Hn .  COOH. 
Mono-aruino-caproic  acid  or  leucine,  we  have  already  learn  t,  is 
CjHj^^.  NH,<COOH.     Lysine    or    diammo-caproic    acid    ia   C5IL, 

(^^tliine  is  diamino-Taleric  acid,  and   the  following  formula 
will  show  its  relationslap  Ui  its  parent  fatty  acidL 
C^H^COOH  is  valeric  acid. 

C|H;(XH^2C0*^H  is  diamino*valeiie  acid  or  ornithine. 
Arginine  is  a  somewhat  more  complex  substance,  which  contains 
the  ornithine  radical     It  belongs  to  the  same  group  of  substances  as 
creatine,  another  important  cleavage  product  of  the  protein  molecula 
Creatine  is  metbyl-gnanidine  acetic  acid,  and  has  the  formula 


HN. 


— N(CHj)CH^.COOH 


On  boiling  it  with  baryta  water,  it  takes  up  water  (H^O)  and  splits  at 
the  dotted  line  into  urea  (CO  (NHg)^)  and  sarcosinCj  as  shown  below. 


>C— O 


NH  .  CHg  .  CH. 


COOH 


(U raft)  (Sure  tAl  ne  or  ITHli  y  l>g1  jeltie. ) 

Arginine  splits  in  a  similar  way,  urea  being  split  off  on  the  lefti 

a  C 
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and  ormfcbiiie  instead  of  sarouaioe  on  the  right,    ArginiDe  is»  there- 
fore, a  compound  of  ornithine  with  a  urea  group. 

HiBtidine,  tho  last  member  of  this  claas,  has  the  formula 
ChHijN302.  and  is  probably  also  a  diamino-acidp  but  its  exact  coasti* 
tution  has  not  yet  been  made  out  with  certainty. 

These  substances  we  have  hitherto  de-scribed  as  acids,  but  they 
may  also  play  the  part  of  base^,  for  the  introduction  of  a  secona 
amino-group  into  the  fatty  acid  molecules  confers  upon  them  baaic 
properties.     The  three  substances  :— 

Lysine 

Arglnine 

Histidine 


bases,  because 


are  in  fact  often  called  the  hemom  bases,  because  each  of  them 
contains  6  atoms  of  carbon,  as  the  above  empirical  formulae  show. 

But  there  is  still  an  important  group  of  amino*acida  to  be 
oonsideredt  and  these  are  termed  the  armiatic  amino-acids ;  that  is, 
aniino-acids  united  to  the  benzene  ring,  and  of  these  we  will  mention 
three,  namely,  phenyl-alanine,  tyrosine,  and  a  nearly  related 
substance  culled  tryptophane* 

Phenyl-alanine  is  alanine  or  amino-propionie  acid  in  which  an 
atom  of  hydrogen  is  replaced  by  phenyl  (C^jHs), 

Propionic  acid  has  the  formula  C^H^.  COOH, 

Alanine  (a  mi  no -propionic  acid)  is  C^H^NHg  <  COOH* 


Phenyl-alaiune  is  C%Hj 


CeH. 


,  NH. .  cooa 


Tire  formula  of  phenyl-alanine  may  also  be  written  another  way. 
The  graphic  formula  of  benzene  (C^Ha)  is :— * 

H 


If  the  H  placed  lowermost  in  the  above  formula  is  replaced 
CH^CH  ,  NH^ ,  COOH,  we  obtain  the  formiUa  of  phenyl-alanine: — 


CHNH^COOH 


the  remainder  of  the  benzene  ring,  which  is  imaltered,  being  repre- 
sented as  usual  by  a  simple  hexagon. 
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Tyrosine  is  a  little  more  oomplicated;  it  is  oxyphenyl -alanine; 
that  is,  instead  of  phenyl  (CflH^)  in  the  formula  of  phenyl-alanine, 
we  have  now  oxyphenyl  (C^H^ ,  OH) ;  this  gives  us 

C,H,  .  (C,H, .  OH)  NH. .  COOH  _ 

as  the  formula  for  tyrosine  written  one  way,  or 

HO 
/\ 


CHjj.CHNH^.CODH 

when  written  in  the  other  way. 

Tryptophane  is  more  complex  still ;  it  is  indole  amino-propionic 
acid :  that  is,  ainino-propionic  acid  united  to  another  ringed  deriva- 
tive called  indole.  Tryptophane  is  the  portion  of  the  protein 
molecule  which  is  the  parent  substance  of  two  evil-smelling  products 
of  protein  decomposition  called  indole 

XH  .  CH 

\nh 

and  ecatole  or  methyl  indole.  Tryptophane  is  also  the  radical  in 
the  protein  molecule  which  is  responsible  for  the  colour  test  called 
the  Adamkiewicz  reaction. 

We  may  summarise  what  we  have  learnt  up  to  this  point  by 
enumerating  the  principal  members  of  these  three  groups  of  amino- 
acids : — 

1.  The  mono-amina-acids :  glycine,  alanine,  leuciaei  amino-valeric 

acid,  asparagine,  aepartic  acid,  glutamic  acid,  serine. 

2.  The  di-amino^cLcids :  lysine,  ornithine,  arginine,  and  histidine. 

3.  The  ringed  amino-acids :  phenyl-alanine,  tyrosine,  and  trypto- 

phane. 

But  this  does  not  bring  us  to  the  end  of  the  list  of  the  cleavage 
products  of  proteins,  for  we  have  still  left  several  other  groups,  most 
of  which  are  still  more  complex,  and  which  we  will,  therefore,  he 
content  with  merely  mentioning,  namely : — 

4  Pyrimidine  bases,  such  as  thymine  and  cytosine< 

6.  PyrroUdine  derivatives. 

6.  Cystine,  a  complex  amino-acid  in  which  sulphur  is  present, 
and  in  which  the  greater  part  of  the  sulphur  of  the  protein 
molecule  is  combined, 

7.  Ammonia. 

Our  list  now  represents  the  principal  groups  of  chemical  nuclei 
tmited  together  in  the  protein  molecule,  and  its  length  makes  one 
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realise  the  complicated  nature  of  that  molecule  and  the  diflacultiea 
which  beset  its  iti%*6Stigation. 

The  workers  in  Fiacher^s  laboratory  are  steadily  working  through 
tliG  various  known  proteins,  taking  them  to  pieces  and  identifying 
and  estuuating  the  fraguienta.  1  do  not  intend  to  burden  the 
readers  of  this  book  with  anything  more  than  a  sample  of  their 
resulta,  and  will,  therefore,  only  give  in  a  brief  table  the  results 
obtained  with  some  of  the  cleavage  products  of  a  few  pn:iteina  The 
numbers  given  are  percentages. 


i 

1 
1 

1 

1 

1 

'} 

p 

II 

a" 

1 

ji 

Glycine     * 

0 

0 

3*5 

0 

16-5  ' 

o-a 

3-8 

-»- 

0-9 

Leucine 

20-0 

6  a 

IS7 

10*5 

i!*l 

7  1 

I5fj 

11-2 

0-0 

Glutaniitacid   , 

7-7 

8^ 

8-5 

11 -0 

0*8 

37 

T7'2  ! 

11*8 

36-5 

Tyrosine    . 

2U 

I'l 

2-5 

4*6 

0 

3-2 

2*1 

104 

2*4 

Arginiiie   . 

.*. 

.„ 

.., 

4*8 

7-0 

-. 

11-7 

\% 

2*76 

Tryptophane     , 

+ 

-f 

+ 

1*5 

0 

+ 

0 

•  .* 

Cystine     .        j 

2*3 

0*2 

0*7 

nm 

"■ 

More 
than  10 

0*2 

"' 

Such  numbers,  of  courae,  are  not  to  he  committed  to  memory,  but 
they  are  sufficient  to  convey  to  the  reader  the  diiferencea  between 
the  proteinB,  There  are  several  blanka  left,  on  aecaiint  of  no  accurate 
e^tiraationa  having  yet  been  mada  Where  the  sign  +  occurs,  the 
substance  in  question  has  been  proved  to  be  present,  bnt  not  yet 
determined  quaotitively.  Among  the  more  striking  points  brought 
out  are; — 

1.  The  al)aence  of  glycine  from  albumins, 

2.  The  high  percentage  of  glycine  in  gelatin. 

3.  The  absence  of  tyrosine  and  tryptophane  in  gelatin. 

4.  The  high  percentage  of  the  sulphur  containing  substance 
(cystin)  in  keratin, 

5.  The  high  percentage  of  glutamic  acid  in  vegetable  proteins. 
Emil  Fischer  in  his  work  has  sought  to  msike  such  a  list  conipletej 

and  month  by  month  the  details  are  being  fiUed  in.  He  has  next 
tried  to  discover  the  way  in  v^^hich  the  aniino-acids  are  linked 
together  into  groups ;  and  the  culmination  of  his  work  will  be  the 
discovery  of  the  way  in  which  such  groups  are  linked  together  to 
form  the  protein  molecule.  The  last  stage  he  has  not  yet  reached, 
but  it  wUi  be  interesting  to  see  what  progress  he  has  made  in  ascer- 
taining how  the  amioo-acids  are  linked  together  into  groups. 
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The  groups  he  tQiniE peptides  or  polypeptides ;  many  of  these  have 
heeu  made  synthetically  in  his  laboratory,  and  bo  the  syntheais  of  the 
protein  molectde  is  foreshadowed. 

We  may  take  as  our  examples  of  the  peptides  some  of  the 
simplest,  and  may  write  the  formulee  of  a  few  amino-acids  hb 
follows : — 

NH^.CH^.COOH         Glycine 
NH;  .  CH^  .  COOH         Akiiine 


NH.  ,  QH,. .  COOH      Leocine 


or  in  general  terms 


^5  ■^^10 


HNH.R.COOH. 


Two  amino-acids  are  linked  together  as  shown  iB  the  following 
formula : — 

HNH  .  R  .  a)    OH  .  H    Nt!  .  R  .  COOH  ^ 


What  happens  is  that  the  hydroxyl  (OH)  of  the  carhoxyl  (COOH) 
group  of  one  acid  unites  with  one  atom  of  the  hydrogen  of  the  next 
amino  (HNH)  group,  and  water  is  thus  formed,  as  shown  within  the 
dotted  lines:  this  is  eliminated  and  the  rest  of  the  chain  closes  up. 
In  this  way  we  get  a  dipeptidc.  The  names  glycyl,  alanyl,  leucyl* 
etc.,  are  given  hy  Fischer  to  the  NHg .  R .  CO  groups  which  replace 
the  hydrogen  of  the  next  NH^  group.  Thus  glycyl-glycine,  glycyl- 
leucine,  leocyl-alanine,  alanyl-leueine,  and  numerous  other  combina- 
tions and  permutations  are  obtained.  If  the  same  operation  is 
repeated  we  obtain  tripep tides  (leucyl-glycyl-alanine,  alanyl-leucyl- 
tyrosine,  etc.) ;  then  come  the  tefcrapeptides  and  so  on.  In  the  end, 
by  coupUng  the  chains  sufficiently  often  and  in  appropriate  order, 
Fischer  has  already  obtained  substances  which  give  some  of  the 
reactions  of  peptone. 

Solubilities. — The  proteins  are  insoluble  in  alcohol  and  ether- 
Some  are  soluble  in  water,*  others  insoluble.  Many  of  the  latter  are 
soluble  in  weak  saline  solutions.  Some  are  inBoluble,  others  soluble 
in  concentrated  saline  solutions* 

All  proteins  are  soluble  with  the  aid  of  heat  in  concentrated 
mineral  acids  and  alkalies.  Such  treatment,  however,  decomposes  as 
well  as  dissolves  the  protein.  Proteins  are  also  soluble  in  gastric  and 
pancreatic  juices;  but  here,  again j  they  undergo  a  change,  as  we  have 
already  seen  (p.  400). 

Heat  Coagulation. — ^loat  native  proteins,  like  white  of  egg,  are 

•  The  protems  are  not  truly  solyblc  in  wAter ;  they  art  in  a  state  of  collmdai 
Aoluiimi^  a  Londitioii  i  titer  jiiediate  bt-'twcfa  trm;  solution  «inJ  i»us  pens  ion.  Many  of 
their  properties  are  due  to  this  fa<'t. 
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rendered  iaaoluble  when  their  solutions  are  heated*  The  temperature 
of  heat  coagulation  differs  in  different  proteins ;  thus  myosinogen  and 
fibrinogen  coagulate  at  SB"*  C,  serum  albumin  and  serum  globulin  at 
about  75*"  C* 

The  proteins  which  are  eo^ulated  by  heat  come  mainly  under  two 
classes :  the  aibumins  and  the  ghbiUim,  These  differ  in  solubility ; 
the  albumins  are  soluble  in  distilled  water,  the  true  globulins  require 
salts  to  hold  them  in  solution. 

IndiflPosibility. — The  proteins  (peptones  excepted)  belong  to  the 
class  of  substances  called  collaids  by  Thomas  Graham ;  that  is,  they 

pass  with  difficulty,  or  not  at  all,  through 
animal  membranes.  In  the  construction  of 
dialysers,  vegetable  parchment  is  largely 
used. 

Proteins  may  thus  be  separated  from 
diffusible  {crystalloid)  substances  like  salts, 
but  the  process  is  a  tedious  one.  If  some 
serum  or  white  of  egg  is  placed  in  a 
dialyser  (fig.  341)  aud  distilled  water  out* 
side,  the  greater  amount  of  the  salts  passes 
into  tha  water  through  the  membrane  and 
is  replaced  by  water;  the  two  proteins 
albumin  and  globulin  remain  inside;  the 
globuUtt  is,  however,  precipitated,  as  the 
salts  which  previously  kept  it  in  solution 
are  removed. 

Crystallisation.— Haemoglobin,  the  red 
pigment  of  the  blood,  is  a  protein  substance 
and  is  crystallisable  (for  further  details,  see 
The  Blood,  Chapter  XXV1.>  Like  other 
proteins  it  has  an  enormously  large  mole- 
cule ;  though  crystalline,  it  is  not,  however, 
crystalloid  in  Graham's  sense  of  that  term.  Blood  pigment,  however^ 
is  not  the  only  crystallisable  protein.  Long  ago  crystals  of  protein 
(globulin  or  vitellin)  were  observed  in  the  aleurone  grains  of  many 
seeds,  and  in  the  somewhat  similar  granules  occurring  in  the  egg-yolk 
of  some  fishes  and  amphibians.  By  appropriate  methods  these  have 
been  separated  and  re-crystaUised.  Further,  egg  albumin  itself  has 
been  crystalUsed.  If  a  solution  of  white  of  egg  is  diluted  with  an 
equal  volume  of  saturated  solution  of  ammonium  sulphate,  the  globulin 
present  is  precipitated  and  is  removed  by  filtration.  The  filtrate  is 
now  allowed  to  remain  some  days  at  the  temperature  of  the  air,  and 
as  it  becomes  more  concentrated  from  evaporation,  minute  spheroidal 
globules  and  finally  minute  needles,  either  aggregated  or  separate, 
make  their  appearance  (Hofmeister),     Crystallisation  is  more  rapid 
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if  a  little  acetic  or  sulphuric  acid  ia  added  (Hopkins).  Serum 
albumin  (from  some  animals)  has  also  been  similarlj  crystallised 
(Giirber). 

Action  on  Polarised  Iiight. — All  proteiiia  are  levo-rotatorj.  the 
amount  of  rotation  varying  with  individual  protaiiis.  Several  of 
the  compound  proteiiis>  €.g.,  hsemoglobin^  and  nucleo-proteins  are 
dextro-rotatory,  though  their  protein  components  are  levo-rotatory 
(Gamgee)* 

Colour  Reactions. — The  principal  coloui  reactions  by  which 
proteins  are  rec^ognised  are  the  following: — 

(1)  The  xantho-pTOieic  reaciwn;  if  a  few  drops  of  nitrie  acid  are 
added  to  a  solution  of  a  protein  such  as  white  of  egg,  the  result  is  a  white 
precipitate;  this  and  the  surrounding  liquid  become  yellow  on  boiling 
and  are  turned  orange  by  ammonia.  The  preliminary  white  pre* 
cipitate  is  not  given  bj  certain  proteins  such  aa  peptones ;  but  the 
colours  are  the  same.  The  colour  is  due  to  the  formation  of  iiitro- 
derivatives  from  the  aromatic  portion  of  the  protein  molecule. 

(2)  MUIojCb  reaction.  Milton's  reagent  is  a  mixture  of  mercuric 
and  mercuroua  nitrate  with  excess  of  nitric  acid.  This  gives  a  white 
precipitate  with  proteins  which  is  turned  brick -red  on  boiling*  This 
reaction  depends  on  the  presence  in  proteins  of  the  tyrosine  radical 

(3)  Cctpper  sid^haie  (host^'s  cr  PtotrowsHs)  tesi.  A  trace  of  copper 
sulphate  and  excess  of  strong  caustic  potash  give  with  most  proteins 
a  violet  solution.  Proteoses  and  peptones,  however,  give  a  rose-red 
colour  instead;  this  same  colour  is  given  by  the  substance  called 
hiur§t;  hence  the  test  is  generally  called  the  biuret  reaction.  This 
name  does  not  imply  that  biuret  is  present  in  protein ;  but  both 
protein  and  biuret  give  the  reaction  because  they  possess  a  common 
radical,  probably  two  CONH  groups  linked  to  a  carbon  or  nitrogen 
atom,  or  to  one  another. 


Biuret  is  formed  by  heating  solid  urea 
thus  ;— 

[Urea.] 


C.,0,NaH 


ammonia  passes  off  and  leayes  biuret 


[BiurotJ 


[AJXimonlA,] 


(4)  Adamkimicz  reaction*  When  a  solution  of  protein  is  added 
to  a  dilute  solution  of  formaldehydej  and  then  excess  of  commercial 
sulphuric  acid  is  added,  an  intense  violet  colour  is  obtained.  This 
is  due  to  the  tryptopliane  radical. 

Preclpitants  of  FrotelnB. — Solutions  of  moat  proteins  are  pre- 
cipitated  by: — 

Strong  acids  such  as  nitric  acid;   picric  acid;   acetic  acid  and 

*  lu  the  original  te^ti  gtaeiaL  acetic  acid  was  used,  but  it  la  really  an  impurity 
in  tliis  acid  that  gives  the  reaction.  According  to  Hopkins*  this  impurity  is 
glyoxylic  acid  ;  according  to  Rosenheim,  it  is  formaldehyde.  The  presence  of 
impurities  (oxidising  agent.'i}  in  tiie  sulphuric  add  m  also  necessary* 
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potassium  ferrocyanide ;  acetic  acid  and  excess  of  a  neutral  salt  such 
as  Bodium  sulphate,  when  these  am  boOed  with  the  protein  solution ; 
salts  of  the  heavy  metals  such  as  copper  sulphate,  mercuric  chloride, 
lead  acetate,  silver  nitrate,  eta;  tamiin ;  alcohol;  saturation  with 
certain  neutral  salts  such  as  ammonium  sulphate. 

It  b  neceasarj  that  the  words  coagulation  and  precipitation  should 
in  connoction  with  proteins  be  carefully  distinguiehed.  The  term 
coagulation  is  used  when  an  insoluble  protein  (coagulated  protein)  is 
formed  from  a  soluble  one.     This  may  occur : 

1.  When  a  protein  is  heated — heat  coagulation ; 

2-  Under  the  influence  of  a  ferment ;  for  instance,  when  a  curd  is 
formed  in  milk  by  rennet  or  a  clot  in  shed  blood  by  the  fibrin  ferment 
—ferment  coagulation  ; 

3,  When  an  insoluble  precipitate  is  produced  by  the  addition  of 
certain  reagents  (nitric  acid,  picric  acid,  tannin,  etc.)» 

There  are,  however,  other  precipitants  of  proteins  in  which  the 
precipitate  formed  is  readily  soluble  in  suitable  reagents  such  as  saline 
solutions,  and  the  protein  continues  to  show  its  typical  reactions 
Such  precipitation  is  not  coagulation.  Such  a  precipitate  is  produced 
by  saturation  with  ammonium  sulphate.  Certain  proteins,  called 
glohuliTis,  are  more  readily  precipitated  by  such  means  than  others. 
Thus,  serum  globulin  is  precipitated  by  half -saturation  with  ammonium 
sulphate.  Full  saturation  with  ammonium  sulphate  precipitates  all 
proteins  but  peptone.  The  globulins  are  precipitated  by  certain  salts 
such  as  sodiimi  chloride  and  magnesium  sulphate,  which  do  not  precipi- 
tate the  albumins.  This  method  of  precipitation  is  called  "salting 
out," 

The  precipitation  produced  by  alcohol  is  peculiar  in  that  after  a 
time  it  becomes  a  coagulation.  Protein  freshly  precipitated  by 
alcohol  is  readily  soluble  in  water  or  saline  media;  but  after  it  has 
been  allowed  to  stand  some  weeks  under  alcohol  it  becomes  more  and 
more  insoluble.  Albumins  and  globulins  are  most  readily  rendered 
insoluble  by  this  method ;  proteoses  and  peptones  are  never  rendered 
insoluble  by  the  action  of  alcohol  This  fact  is  of  value  in  the 
separation  of  these  proteins  from  others. 


Classification  of  Proteins. 

The  knowledge  of  the  chemistry  of  the  proteins,  which  is  slowly 
progressing  under  Emil  Fischer's  leadership,  will,  no  doubt,  in  time 
enable  us  to  give  a  classification  of  these  substances  on  a  strictly 
chemical  basis.  But  until  that  time  arrives,  we  must  be  content 
very  largely  with  the  artificial  classification  (<m  the  basis  of  solubility 
and  so  forth)  which  has  hitherto  prevailed.  The  following  classifica- 
tion must  therefore  be  regarded  as  a  provisional  one,  which  while  it 
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retains  the  old  familiar  names  as  far  as  possible,  yet  attempts  also  to 
incorporate  some  of  the  new  ideas. 

The  classes  of  proteins  then,  beginning  with  the  simplest,  are  as 
follows: — 

L  Protamines,  6.  PhoHpho-pro tains, 

2.  His  ton  eft.  7.  Conjugated  proteins,  

3.  AlbuminSt  i,  Chromo-proteina. 

4.  Globixlina,  iL  Gluco-proteing, 
6,  Sclero-proteins.                        ilL  Nucleo-proteins, 

We  will  take  these  classes  one  by  ona 

1.  The  Protamines. 

These  aubstanees  are  obtainable  from  the  hea<is  of  the  spermatozoa 
of  certain  fishes,  where  they  occur  in  combination  with  nuclein, 
Kossel's  view  that  they  are  the  simplest  proteins  in  nature  has  met 
with  general  acceptance,  and  tbej'  give  such  typical  prutein  reactions 
aa  the  copper  sulphate  test  (Rose's  or  Piotrowski's  reaction).  On 
hydrolytic  decomposition  they  first  yield  substances  of  smaller 
molecular  weight  analogous  to  the  peptones  which  are  called  proiones, 
and  then  they  split  up  into  amino-acids.  The  number  of  resulting 
amino-acids  is  Bmall  as  compared  with  other  proteins^  Iience  the 
hypothesis  that  they  are  simple  proteins  is  confirmed*  Kotable 
among  their  decomposition  products  are  the  tliamino-aoida  or  hexone 
bases  (see  p,  402). 

The  protamines  differ  in  their  composition  according  to  their 

source,  and  yield  these  products  in  different  proportions. 

Salmme  (from  the  soimon  roe)  and  clupain^  (from  the  lierring  roe]  ttppestr  to  be 
identiealf  and  have  the  empirical  forii^ufa  C;y,H^*Ni^Oy ;  its  pH  net  pal  decomposi- 
tion product  IS  arfriaine.  but  ammo-vakrii'  acid  and  a  small  qnantity  of  an  unknown 
residiic  are  also  found,  ^siurin*  (from  the  sturgeon)  yields  tne  same  products  with 
lysine  and  histidine  m  addiLlon.  With  one  exception*  the  protamines  yield  no 
aromiitic  amJao-a^ids.  The  exception  is  rtft^kifUrintf  (from  C^dopfem^  lumpttit); 
this  substance  is  thus  an  important  chemical  link  between  the  otlier  protamines 
and  the  more  complex  members  of  the  protein  family. 

2.  The  Hlstonea. 

These  are  substances  which  have  been  separated  from  blood 
corpuscles;  glohin,  the  protein  constituent  of  haemoglobin,  is  a  well- 
marked  instance.  They  yield  a  larger  number  of  amino-compounds 
than  do  the  protamines.  They  are  coagulable  hy  heat,  soluble  in 
dilute  acids,  and  precipi table  from  such  solutions  by  ammonia  The 
precipitahiUty  by  ammonia  is  a  property  possessed  by  no  other 
protein  group, 

3.  The  AlbumlnB, 

These  are  typical  proteins,  and  yield  tht^  majority  of  the  oleavage 
products  enumerated  on  pp.  400-403, 
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Thej  enter  into  colloidal  aolution  in  water,  in  dilute  saline  solu- 
tions, and  in  saturated  solutions  of  sodium  chloride  and  magnesium 
sulphate,  Thej  are,  however,  precipitated  by  saturating  their 
solutions  with  ammoTiium  sulphate.  Their  solutions  are  coagulated 
by  heat  usually  at  70*73''  C,  Senim  albvunin,  egg  albumin,  and 
lact-albumin  are  instances, 

^  The  Globulins. 

The  globulins  give  the  same  general  tests  as  the  albumins ;  they 
are  coagulated  by  lieat*  but  differ  from  the  albumins  mainly  in  their 
Bolubilities,  This  difference  in  solubility  may  be  stated  in  tabular 
form  as  foUows : — 


BMgfiaU 

MtiUDlll. 

aiobulto. 

Water     ..,.-.. 

Dilute  saline  soluttoo     .... 

Saturated  solution  of  magnesiutn  sul- 
phate or  sodium  chloride  . 

Half-saturated  soJutiou  of  ammonium 
sulpliate 

Saturated  solution  of  ammonium  sul- 
P^^ 

ioluble 
soluble 

soluble 

soluble 

Insoluble 

insoluble 
soluble 

insoluble 

insoluble 

In  general  terms  globuUus  are  more  readily  salted  out  than 
albumins;  they  may  therefore  be  precipitated,  and  thus  separated 
from  the  albumins  by  saturation  with  such  salts  as  sodium  chloride, 
or  better  magnesium  sulphatej  or  by  half  saturation  with  ammonium 
sulphate. 

The  typical  globulins  are  also  insoluble  in  water,  and  so  may  be 
precipitated  by  removing  the  salt  which  keeps  them  in  solution. 
This  may  be  aceomplished  by  dialysia  (see  p.  406).  Their  temperature 
of  heat-coagulation  varies  considerably.  The  following  are  the 
commoner  globulins :— fibrinogen  and  serum  globulin  in  blood,  egg 
globulin  in  white  of  egg,  paramyosinogen  in  muscle,  and  crystallin  in 
the  crystalline  lens.  We  must  also  include  under  the  same  heading 
certain  proteins  which  are  the  result  of  ferment  coagulation  on 
globulins,  such  as  fibrin  (see  blood)  and  myosin  (see  muscle). 

The  most  striking  and  real  distinction  between'  globulins  and 
albumins  is  that  the  former  on  hydix)lysis  yield  glycine,  whereas  the 
albimains  do  not. 

B.  The  Sclero-protelns. 

These  substances  form  a  heterogeneous  group  of  substances, 
which  are  frequently  termed  aJhumirrnds.    The  prefijc  sclero  indicates 
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the  skeletal  origin  and  often  insoluble  nature  of  the  membere  of  the 
group.     The  principal  proteins  under  this  head  are: — 

Collagen,  the  substance  of  which  the  white  fibres  of  connective 
tissue  are  composed.  Some  observers  regard  it  as  the  anhydride  of 
&ktin.     In  bone  it  is  often  called  ossein. 

Gelatin — This  substance  is  produced  by  boiling  collagen  with 
water.  It  possesses  the  peculiar  property  of  setting  into  a  jelly  when 
a  solution  made  with  hot  water  cools.  On  digestion  it  ia  like  f u-dinary 
proteins  converted  into  peptone^like  substances,  and  ia  readily 
absorbed.  Though  it  will  replace  In  diet  a  certain  quantity  of  such 
proteins,  acting  as  what  ia  called  a  '*  protein-sparing  "  food,  it  cannot 
altogether  take  their  place  as  a  food.  Animals  whose  sole  nitrogenouB 
food  is  gelatin  waste  rapidly.  The  reason  for  this  is  that  gelatin 
contains  neither  the  tyrosine  or  the  tryptop^hane  groups,  and  so  it 
givea  neither  Millon's  nor  the  Adamkiewicz  reactions.  Animals  who 
receive  a  mixture  of  gelatin,  tyrosine,  and  tryptophane  in  their  diet 
thrive  better. 

Chandrin  is  the  name  given  to  the  mixture  of  gelatin  and  mucoid 
which  is  obtained  by  boiling  cartilage. 

El&stin. — This  is  the  substance  of  which  the  yellow  or  elastic 
fibres  of  connective  tissue  are  composed.  It  is  a  very  insoluble 
matariaL  The  sarcolemma  of  muscular  fibres  and  certain  basement 
membranes  are  very  similar. 

Keratin,  or  horny  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horna.  It  is  very 
iuaoluble,  and  chiefly  differs  from  most  other  proteins  in  its  high 
percentage  of  sulphur.  A  similar  substance,  called  nmirokeratm,  is 
found  in  neuroglia  and  nerve-iibres,  In  this  connection  it  is  interest- 
ing to  note  that  the  epidermis  and  the  nervous  system  are  both 
formed  from  the  same  layer  of  the  embryo — the  epiblast 

6,  The  Phospho-proteina. 

Vitellin  (from  egg-yolk),  caseinogen,  the  principal  protein  of 
milk,  and  casein,  the  result  of  the  action  of  the  rennet-ferment 
on  caseinogen  (see  milk),  are  the  chief  members  of  this  group. 
Among  their  decomposition  products  is  a  considerable  quantity  of 
phosphoric  acid.  They  have  been  frequently  confused  with  the 
nucleo-proteins  we  shall  be  studying  immediately,  and  the  prefix 
nucleo — so  often  applied  to  them — ia  entu'cly  misleading,  since  they 
do  nut  yield  the  pu'fjducta  (purine  Itases,  etc.)  which  are  characteriatic 
of  nucleo-eompounds. 

7.  Tlie  Conjufirated  Proteins. 

These  are  compounds  in  which  the  protein  molecule  is  united  to 
other  oi^anic  materials,  which  are  as  a  rule  also  of  complex  nature. 
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This  soconci  constituent  of  the  compound  is  usually  termed  a  pros- 
thititi  group.      They  may  be  divided  into  the  following  sub-classas ; — 

L  Ohromo-proteias.^ — These  are  compounds  of  protein  with  a 
pigment,  which  usually  contains  iron.  The}^  are  typified  by  haemo- 
globin and  its  allies,  which  will  be  fully  considered  under  blood. 

11*  Gluco-proteins. — These  are  compounds  of  protein  with  a 
carbohydrate  group»    This  class  includes  the  mucins  and  the  mucoids. 

The  mucins  are  widely  distributed  and  may  occur  in  epithelial 
cells,  or  be  shed  out  by  these  cells  (mucus,  mucous  glands,  goblet 
cells).  The  mucin  obtained  from  difierent  sources  varies  in  composi- 
tion and  reactions,  but  they  all  agree  in  being  viBcid  and  tenacious, 
soluble  in  dilute  alkalis  such  as  lime  water,  and  precipitable  from 
solution  by  acetic  acid 

The  miwoids  differ  from  the  mucins  in  minor  details.  The  term 
is  applied  to  the  mucm-Uke  substances  which  form  the  chief  con- 
stituent of  the  ground  substance  of  connective  tissues  (tendo-mucoid, 
chondro-mucoid,  etc.).  Another  (ovo-mucoid)  is  found  in  white  of 
egg,  and  others  (pseudo-mucin  and  para-mucin)are  occasionally  found 
in  dropsical  effusions,  and  in  the  fluid  of  ovarian  cysts. 

It  is  probable  that  the  differences  between  the  mucins  and 
mucoids  are  due  either  to  the  nature  of  the  carbohydrate  group,  or 
more  probably  to  the  nature  of  the  protein  to  which  it  is  united. 
The  carbohydrate  substance  in  the  majority  of  cases  is  not  sugar,  but 
a  nitrogenous  substance  which  has  a  similar  reducing  power  to  sugar, 
and  which  is  called  (fbicosttmmt  (C^jHiiO^NH,^),  that  iSj  glucose  in 
which  HO  is  replaced  by  NH^. 

Pavy  and  others  have  shown  that  a  amall  quantity  of  the  same 
carbohydrate  derivative  can  be  split  ofif  from  various  other  proteins 
which  we  have  already  placed  among  the  albumins  and  globulins. 
It  is,  however,  probable  that  this  must  not  be  considered  a  prosthetic 
group,  but  is  more  intimately  united  within  the  protein  molecule. 

ili*  Kucl©o-proteins,^Theae  are  compounds  of  protein  with  a 
complex  organic  acid  called  nucleic  acid  which  contains  phosphorus. 
They  are  found  both  in  the  nuclei  and  cell-protoplasm  of  cells.  In 
physical  character  they  often  simulate  mucin. 

Niitlei7i  is  the  name  given  to  the  chief  constituent  of  cell-nuclei. 
It  is  identical  with  the  chromatin  of  histologists  (see  p.  11). 

On  decomposition  it  yiekls  an  organic  acid  called  nucleic  acid, 
together  with  a  variable  but  usually  small  amount  of  protein.  It 
contains  a  high  percentage  (10-11)  of  phosphorus. 

The  nuclein  obtained  from  the  nuclei  or  heads  of  the  spermatozoa 
conaista  of  nucleic  acid  without  any  protem  admixture.  In  fishes' 
spermato^a,  however,  there  is  an  exception  to  this  ride,  for  there  it 
ia,  as  we  have  already  seen,  united  to  protamine. 

The  nmko^pralmis  qf  cdl  protoplasm  are  compounds  of  nucleic 
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acid  with  a  much  larger  quantity  of  protein,  so  that  they  usually 
contain  only  1  per  cent,  or  less  of  phosphorus.  Some  also  contain 
iron,  and  the  normal  supply  of  iron  to  the  body  is  contained  in  the 
niicleo-proteins  or  kwnmtoymis  (Bunge)  of  plant  or  animal  cells. 

Nut^iep-protcins  may  be  prepared  from  ceUulftr  structures  like  thymus,  testis, 
kidney,  etc,  by  two  principal  riieUiods  : — 

1.  lVooidrifi<ff'n  twthoiL  —The  organ  is  ralnced,  and  soaked  in  water  for  twenty- 
four  hours.  Dilute  ficetic  acid  added  to  the  aqueous  extract  preclpitatcii  the  nueleo- 
protein* 

2,  i^odhm  ehlorvh  method. — The  minced  organ  is  gmund  up  in  a  mortar  with 
solid  sodium  chloride ;  the  resulting  viscous  mass  is  poured  into  excess  of  water, 
and  the  nucleo- protein  rises  in  strinfrs  to  tlie  top  of  the  water. 

The  solvent  usually  employeti  for  a  nucleo-protein,  whichever  method  It  is 
prepared  by,  is  a.  1  per  cent,  solution  of  sodiutn  earbonate.  The  relationship  of 
nuclt?o-proteiiis  to  the  coagulation  of  the  blood  is  described  under  that  heading* 

NucUic  add  yields,  among  its  decomposition  products^  phoflphoric 
id,  various  bases  of  the  xanthine  group,  and  bases  also  of  the 
rimidine  group  (cytosine,  thymine,  uracil).  In  some  eases  a  carho- 
hydrate  radical  is  also  obtained ;  thus  a  pentose  is  obtained  from  the 
nucleic  acid  of  the  pancreas,  the  liver,  and  yeast  cells.  There  appear 
to  be  several  nucleic  acids,  which  vary  in  the  relative  amount  they 
yield  of  their  decomposition  products,  especially  of  the  members  of 
the  xanthine  family  which  are  sometimes  called  alloxurk  or  more 
usually  puiine  bases.  The  purine  bases  are  closely  allied  chemieally 
to  uric  acid,  and  we  shall  have  to  study  them  again  in  relation  to 
that  substance.  The  following  diagrammatic  way  of  representing 
the  decomposition  of  nucleo-protcin  will  assist  the  student  in 
remembering  the  relationships  of  these  substances:— 

NUCLEO- P  BOTEIK 

subjected  to  gastric  digestion  yield* 


Fh>tein  converted  into  peptone, 
which  goes  into  solution. 


NucJein,  which  remains  as  an  insoluble 
residue.  If  this  is  dissolved  in  alkali 
and  hydrochloric  acid  added,  it  yields 

I 


Protein — converted  into  acid 
albumin  in  solution. 


A  precipitate  consisting  of  nucleic 
acid.  If  thi^  is  heated  in  a  sealed 
tube  with  hydrochloric  acid,  it  yields 
a  numljer  of  substances.  But  the 
best  known  and  most  constant  pro- 
ducts of  its  deconi position  are 
I 


Phosphoric  Acid. 


Purine  bases,  vise,  r^ 
Adenine, 
Hypoxan  thine. 
Guanine. 
Xanthine. 


Pyrimidine  bases, 
Ti£.  : — 
Uracil 
Thymine. 

Cytosine. 
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Protein-hydrolyals. 

When  protein  material  is  subjected  to  hydrolysis,  ae  it  ia  when 
heated  with  mineral  acid,  or  superheated  steam,  or  to  the  action  of 
such  ferments  as  pepsin  or  trypsin  in  the  alimentary  canal,  it  is 
finally  resolved  into  the  ntuneroiis  aniino-aeids  of  whith  it  13  btiilt. 
But  before  this  ultimate  stage  is  reached,  it  is  split  into  substancea  of 
progressively  diminishing  molecular  size,  which  still  retain  many  of 
the  protein  characters.  The  products  may  be  claBsified  in  order  of 
formation  as  follows: — 

1.  Meta-proteina. 

2.  Proteoses, 

3.  Peptones. 

4.  Polypeptides. 

5.  .Ajiiino-acids. 
The  polypeptides  are  linkages  of  two  or  more  amino-acids,  as 

already  explained.  They  do  not  give  the  biuret  reaction.  Although 
most  of  the  polypeptides  at  present  known  are  products  of  laboratory 
synthesis,  some  have  Ijeen  detinitely  separated  from  the  digostjon  of 
proteins,  and  so  they  must  appear  in  our  classitication.  The  pro- 
teoses and  peptones  give  the  biuret  reaction  ;  the  peptones,  however, 
cannot  be  salted  out  of  solution  like  the  proteoses :  their  molecules 
ara  smaller  than  those  of  the  proteoses.  We  sliall  study  them  more 
fully  under  digestion. 

It  is,  however,  convenient  to  add  here  a  brief  description  of  the 
meta-proteins-  They  are  obtained  as  the  first  stage  of  hydrolysis,  and 
also  by  the  action  of  dilute  acids  or  alkahs  on  either  albumins  or 
globulins.  The  general  properties  of  tlie  acul-alhumin  or  santonin 
and  the  aikali-alhumiTij  wliich  are  thereby  respectively  formed,  are  as 
follows: — They  are  insoluble  in  pure  wator,  but  are  soluble  in  either 
acid  or  alkali,  and  are  precipitatetl  by  neutralisation  unless  certain 
disturbing  influences  like  eodimn  phosphate  are  present.  They  are 
precipitated  as  globulins  are  by  saturation  with  such  neutral  salts  as 
sodium  chloride  or  magnesium  sulphate*  They  are  not  coagulated  by 
heat  if  in  solution. 

The  name  albitminatf  used  t^  be  applied  to  these  Eubst^nces  ■  but  thi-^  Is  an 
objectionable  term,  for  these  firs.t  dc^radatiou  produ<.^:s  of  prtitein  hydrcilysis  are 
not  salts,  as  the  tennination  itfe  would  iiiiply»  Moreover,  they  are  obtainable  from 
both  albumins  and  globulins.  Tbc  prefix  **meta"  (or  possibly  '*  infra/*  which 
some  prefer)  may  be  taken  as  an  indication  of  com  para  tii^cly  slight  ehemical 
alteration, 

A  vartetj  of  alkali  albumin  ( probably  a  compound  con tainir)^  a  large  quantity 


I  to  undiluted 


m  a  large 
wljite  of  ej 


egg.    The 


of  alkali)  may  be  formed  by  adding  strong  potash 

Teisuiting  jelly  is  called  LhbeTkiihfCa  jtfUji,    A  similar  jelly  Is  obtainable  by  adding 

strong  acetic  acid  to  undiluted  egg  white. 

The  word   albuminate   is  oiso  used   for  compounds  of  protein  with   mineml 
substances.    Thus  if  a  solution  tif  copper  sulpnate  is  added 


aibumin.,  a  precipitate  of  copper  albuminate  is  formed. 


to  a  solution  of 
Simiiarly,  by  the  addition 
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of  other  salts  of  the  heavy  metals*  other  xnetallk*  albuminates  are  obtainable.  The 
halogens  (chlorine,  bromine,  iodine)  also  form  albuiiu nates  in  this  sense,  and  may- 
be tLsed  for  the  precipitatiim  of  proteins. 

it  should  be  noted  in  conclusion  t h tit  the  foregoin|^  classification  of  proteins  is 
TUiiinLy  applicable  to  those  of  animat  origin.  The  v*?ge table  proteins  may  roughly 
be  arranged  under  the  same  main  headings*  although  it  is  doubtful  if  a'  real  and 
complete  analogy  exists  in  all  cases.  The  cleavage  products  of  the  vegetable 
proteins  are  in  the  main  the  same  as  those  of  the  animal  proteins,  but  the  quantity 
of  each  yielded  is  usually  different,  Vcgetsihle  proteins,  for  instance,  as  a  rule 
give  a  very  much  higher  yield  of  glutamic  acid  than  do  thoge  of  animal  fjrigin. 

Further,  there  are  certain  vegetiible  proteins  which  have  hitherto  been  regarded 
as  peptones,  but  which  do  not  j^ive  the  biuret  reaction.  It  seems  irii possible  at 
present  to  bring  exceptional  substan^^es  of  this  kind  into  any  general  classification, 
and  the  same  is  true  h:>r  those  curious  vegetable  proteins,  sulTi  as  gliadin  from  the 
gluten  of  wheat,  and  zein  from  maize,  which  stand  apart  from  all  other  members  of 
the  group  in  being  soluble  in  alcohol 

The  FolaHmeter, 

This  Instrument  is  one  by  means  of  which  the  action  of  various  substances  on 
the  plane  of  polarised  lij^ht  tan  be  observed  and  measured. 

Most  of  the  carbohydrates  are  dextro-rotatory. 

All  Uie  proteins  are  levo-rotatory. 

There  are  many  varieties  of  the  instrument  j  these  can  only  be  prof>erly  studied 
in  a  practical  class,  and  all  one  can  do  here  is  to  state  hrieHy  the  prtnLiples  on 
which  they  are  r^onstructetl. 

Suppose  one  is  shooting  arrows  at  a  fence  made  up  of  narrow  vertical  palings ; 
suppose  also  that  the  arrows  are  flat  like  the  laths  of  a  Venetian  blind.  If  fee 
arrows  are  shot  vertically  they  will  pass  easily  through  the  gaps  between  the 
palings,  but  if  they  are  shot  horizontally  they  will  he  unable  to  pass  through  at 
att  riiis  rough  illustration  will  help  us  i  n  understanding  what  is  meant  by  jiolarised 
light,  Ordinitry  light  is  produced  by  the  undulations  of  ether  occurring  in  all 
directions  at  right  angles  to  the  path  of  propagation  of  the  wave.  Polarised  hght 
is  produred  by  unduintions  in  one  plane  only;  we  may  compare  it  to  our  flat 
arrows* 

In  a  polari meter,  there  is  at  one  end  of  tlie  instrument  a  NicoFs  prism,  which 
is  made  of  Iceland  spar.  This  polarises  the  light  which  passes  through  it ;  it  is 
called  the  polariser.  At  the  other  end  of  the  instrument  is  another  caU&d  the 
analyser.  Between  the  two  is  a  tube  which  can  be  filled  with  ttuid.  If  the  analyser 
is  parallel  to  the  pola riser  the  light  will  pass  through  to  the  eye  of  the  observer 
But  if  the  analyser  is  at  right  angles  to  the  polariser  it  is  like  the  fiat  arrows  hitting 
horizontally  the  vertical  palings  of  the  fence*  and  there  is  darkness.  At  inter- 
meiliatc  anf.des  there  wiU  be  intermediate  degrees  of  illumination. 

If  the  analyser  and  polariser  arc  parallel  and  the  intermediate  tube  filled  with 
water,  the  light  will  pass  as  usual,  bci^ause  w^ater  has  no  action  on  the  plane  of 
polarised  fight.  But  if  the  water  contains  sugar  or  some  '*  optically  active  **  substance 
in  solution  the  plane  is  twisted  in  one  direction  or  the  other  according  as  the  sub- 
stance is  dextro-  or  leyo-rotatory.  The  amount  of  rotation  is  measured  by  the 
number  of  angleii  throtigh  which  the  analyser  has  to  be  turned  in  order  to  ootain 
the  full  ifiuminFition.  This  will  vary  with  the  length  of  the  tube  and  the  strength 
of  the  solution. 

Ferments. 

The  word  fermentation  was  first  applied  to  the  change  of  sugar 
into  alcohol  and  carbonic  acid  by  means  of  yeast  The  evolution  of 
carbonic  acid  causes  frothing  and  bubbling ;  hence  the  term  "  fermen- 
tation." The  agent,  yeast*  which  produces  this,  is  called  the  ferment* 
Microscopic  investigation  shows  that  yeast  is  composed  of  minute 
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rapidly-growing    imicellular    organisms  (tondse)    belongiiig   to   the 
fungus  group  of  plants. 

The  souriDg  of  milk,  the  transformation  of  urea  into  ammomum 
carbonate  in  decompoaing  urine,  and  the  formation  of  raegar  (acetic 
acid)  from  alcohol  are  brought  about  by  very 
similar  organisms.  The  complex  series  of  changes 
known  as  putrefaction,  wMch  are  accompanied  by 
the  formation  of  malodorous  gases,  and  which  are 
produced  by  the  various  forms  of  bacteria,  also 
come  into  the  same  category. 

That  the  change  or  fermentation  is  produced 
by  these  organisms  is  shown  by  the  fact  that  it 
occurs  only  when  the  organisms  are  present,  and 
stops  when  they  are  removed  or  killed  by  a  high 
temperature  or  by  certain  substances  (carboUc 
acid,  mercuric  chloride,  etc.)  called  antiseptics. 
The  "germ  theory"  of  disease  explains  the  infectious  diseases  by 
oonsidering  that  the  change  in  the  system  is  of  the  nature  of  fermen- 
tation, and,  like  the  others  we  have  mentioned,  produced  by  microbes ; 
the  transference  of  the  bacteria  or  their  spores  from  one  person  to 
another  constitutes  infection.  The  poisons  produced  by  the  growing 
bacteria  appear  to  be  either  alkaloid  al  (ptomaines)  or  protein  in  nature. 
The  existence  of  poisonous  proteins  is  a  very  remarkable  thing,  as  no 
marked  chemical  differences  can  be  shown  to  exist  between  them  and 
those  which  are  not  poisonous,  but  which  are  useful  aa  foods.    The 


(^ 


Fio,  S42.— Cell*  of  thtf 
ywwt  pl*ttt  in  prooeai 
or  byadJug. 


AH 


d.-. 


FiQ,  S43«— Types  of  nikro-oiganitiuji :  s.^  mlirrDODccI  nmng^  singly ;  in  twofli  diplococef — \t  aM  tha 
micrococci  &t  a  wore  gi^upeU  togethor  tbey  WQiiJd  bo  tahcd  stapiiylccocci— «iid  ta  foitrsi.  i&rcitife ; 
1^,  micrococci  In  cb^iiiA,  ttmptococi^l ;  e  and  el|  bacUli  of  TarlouA  ktndt  (on*  li  npi^itDted  witib 
I.  flt^UtiED) ;  e,  Tarlotu  formi  of  apbilla ;  /,  ^110?^,  either  ftw  or  ia  bicUlI, 


most  virulent  poison  in  existence,  namely^  snake  poison,  is  a  protein 
of  the  proteose  class. 

There  is  another  class  of  chemical  transformatione  which  at  first 
sight  differ  very  considerably  from  all  of  these.  They,  however, 
resemble  these   fermentations  in   the  fact  that  they  occur  inde- 
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peiidentlj  of  any  apparent  change  in  the  agents  that  produce 
them.  The  agents  that  produce  them  are  not  living  organisms, 
but  chemical  substances,  the  result  of  the  activity  of  living  cells. 
The  change  of  etareh  into  sugar  by  the  ptyalin  of  the  saliva  is  an 
instance. 

Ferments  may  therefore  be  divided  into  two  classes : — 

1,  The  orgamsed  ferments— torulee,  bacteria,  etc. 

2,  The  unorganised  ferments,  or  enzymes — such  as  ptyalin. 

Tlie  distinction  between  organised  ferments  and  enzymes  is,  how- 
ever, more  apparent  than  real;  for  the  micro-organisms  exert  their 
action  by  enzymes  which  they  secrete.  This  has  long  been  known 
in  connection  with  the  invertin  of  yeast,  and  for  the  enzjroe 
secreted  by  the  micrococcns  urese,  which  converts  urea  into  ammonium 
carbonate.  In  recent  years  Buchner,  by  crushing  yeast  cells,  succeeded 
in  obtaining  from  them  an  enzyme  which  produces  the  alcoholic  fer- 
mentation, and  there  is  no  doubt  that  what  is  true  for  yeast  is  equally 
true  for  all  the  organised  ferments,  and  in  many  cases  this  has  been 
already  proved  experimentally. 

The  unorganised  ferments  may  be  classified  as  follows  :^ 

(a)  Amylolytic — those  which  change  amyloses  (starch,  glycogen) 
into  sugars.    Examples:  ptyalin,  diastase,  amylopsin. 

(h)  Proteolytic — those  which  change  proteins  into  proteoses  and 
peptones.    Examples :  pepsin,  trypsin. 

{c}  Steatolytic — those  which  split  fats  into  fatty  acids  and 
glycerin.     An  example,  abeapain,  is  found  in  pancreatic  juice. 

(d)  Inversive  —  those  which  convert  saccharoses  (cane  sugar, 
maltose,  lactose)  into  glucose.  Examples:  invertin  of  intestinal 
juice  and  of  yeast  cells. 

(ff)  Ooagulative — those  which  convert  solnble  into  insolnble^ 
proteins.     Examples :  rennet,  fibrin  ferment. 

Most  ferment  actions  are  hydrolytic — ie.,  water  is  adde^l  to  the 
material  acted  on,  which  then  splits  into  new  materials.  This  is 
seen  by  the  following  examples; — 

1,  Conversion  of  cellulose  into  carbonic  acid  and  marsh  gas 
(methane)  by  putrefactive  organisms — 


[CelluJo^.i 


3nC0, 

[Cirliunic 
acid.) 


2.  Inversion  of  cane  sugar  by  the  unorganised  ferment  invertin — 


[0»tii>  HUgftr.] 


H,0 

[Water.  1 


[Deitroio,] 


Some  enzymes,  called  (mdases,  are  oxygen  carriers^  and  produce 
oxidation.     They  occur  in  living  tissues. 

A  remarkable  fact  concerning  the  ferments  is  that  the  substances 

2  P 
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they  produce  in  time  put  a  stop  to  their  activity ;  thus,  in  the  case  of 

the  organised  ferments,  the  alcohol  produced  by  yeast,  the  phenol, 
eresol.  etc.,  produced  by  putrefactive  organisms  from  proteins,  first 
stop  the  growth  of  and  ultimately  kill  the  organisms  which  produce 
them.  In  the  case  of  the  eEzymes  also  the  products  of  their  activity 
hinder  and  finally  stop  their  action,  but  on  the  removal  of  these  pro- 
ducts the  ferments  resume  work. 

This  fact  suggested  to  Croft  Hill  the  question  whether  ferments 
will  act  in  the  reverse  manner  to  their  usual  action ;  and  in  the  case 
of  one  ferment,  at  any  rate,  he  found  this  to  be  the  case.  Inverting 
ferments,  as  we  have  just  seen,  usually  convert  a  disaceharide  into 
monosaccliarides.  One  of  these  inverting  ferments,  called  maltctse, 
converts  maltose  into  dextrose.  If  the  ferment  is  allowed  to  act  on 
strong  solutions  of  dextrose,  it  converts  a  small  proportion  of  that 
sugar  back  into  maltose  again.  This  discovery  of  Croft  Hiirs  has 
since  been  confirmed  by  others  in  rektion  to  other  enzymes. 

Ferments  act  best  at  a  temperature  of  about  40'  C.  Their  activitj 
is  stopped,  but  the  ferments  are  nut  destroyed,  by  cold ;  it  is  stopped 
and  the  ferments  kiUed  by  too  great  heat.  A  certain  amount  of 
moisture  and  oxygen  is  also  necessary ;  there  are,  however,  certain 
micro-organisms  that  act  without  free  oxygen,  and  are  called  anae- 
robic in  contradistinction  to  those  which  require  oxygen,  and  are_ 
called  aerobic. 

The  enzymes  act  as  mtalysts,  that  is  to  say^  they  are  able 
increase  the  velocity  of  chemical  changes,  which  occur  in  their 
absence  so  slowly^  that  for  all  practical  purposes  they  may  be  con- 
sidered not  to  occur  at  all.  The  organism  is  thus  enabled  to  bring 
about,  at  l)ody  temperature,  many  chemical  reactions  which  would 
otherwise  necessitate  a  high  temperature  or  powerful  reagents.  The 
eniiymes,  however,  differ  from  most  inorganic  catalysts  in  some  of 
their  properties:  one  such  property  is  that  they  are  destroyed  byi 
heat;  the  explanation  of  this  and  other  difierences  is  that  thf 
anzymeSj  like  the  proteins,  are  in  a  coUoidal  condition. 

It  is  nef^essary  to  correct  n  doUod  which  I  find  widespread  among  students^ 
that  in  the  chemical  changes  brought  about  by  ferments  thei*e  k  a  convetsioo  of 
potential  into  actual  energy  (heat  and  kinetic  energy  1  This  is  not  the  case  in  the 
majority  of  ferment  actions,  namely,  tliose  which  are  hydrolytic ;  the  total  potential 
energy  of  the  products  is  there  equal  to  Uiat  of  the  substnnce  acted  upon.  This  has 
been  proved  by  t^ctuaJ  eKperiment  Moreover,  if  a  transformation  of  energy  did 
occur,  it  would  be  incompatible  with  the  fact  that  ferment  action  is  reversible* 


CHAPTER  XXVI 


THE   BLOOD 


The  blood  is  the  fluid  medium  by  meaus  of  which  all  the  tissues  of 
the  body  are  directly  or  indirectly  nourished  j  by  means  of  it  also 
such  of  the  materials  resulting  from  the  metabolism  of  the  tissue 
which  are  of  no  further  use  in  the  economy  are  carried  to  the  excre- 
tory organs.  It  is  a  somewhat  viscid  fluid,  and  in  man  and  in  all 
other  vertebrate  animals,  with  the  exception  of  two,*  is  red  in  colour- 
It  consists  of  a  yellowish  fluid,  called  plasma  or  Uquor  Bangnlnis, 
in  which  are  suspended  numerous  lilaod  eorpuBcles,  the  majority  of 
which  are  coloured,  and  it  is  to  their  presence  that  t!ie  red  colour  of 
the  blood  is  due.  In  addition  to  the  red  corptisd^,  there  are  a 
smaller  numt>er  of  colotirlms  cm^v^clm,  and  some  extremely  small 
particles  called  hlood-plaielets. 

Even  when  examined  in  very  thin  layers,  blood  is  opuqitSt  on 
account  of  the  different  refractive  powers  possessed  by  its  two  con- 
stituents, viz.,  the  plasma  and  the  corpusclea  On  treatment  with 
ether,  water,  and  other  reagents,  however,  it  becomes  transparent  and 
aesumes  a  lake  coloiir,  in  consequence  of  the  colouring  matter  of  the 
corpuscles  having  been  discharged  into  the  plasma.  The  average 
specific  gravity  of  blood  at  15'  C\  (60'  F.)  varies  from  1055  to  1062, 
A  rapid  and  useful  method  of  estimating  the  specific  gravity  of  blood 
was  invented  by  Roy.  Drops  of  blood  are  taken  and  allowed  to  fall 
into  fluids  of  known  specific  gravity.  When  the  drop  neither  rises 
nor  sinks  in  the  fluid  it  is  taken  to  be  of  the  same  specific  gravity  as 
that  of  the  standard  fluid.  The  reaction  of  blood  is  faintly  alkaline 
and  the  tasti  saltish.  Its  imttperaiur^  varies  slightly,  the  average 
baing  SV^S""  C,  (100  F.)-  The  blood-stream  is  warmed  by  passing 
through  the  muscles,  nerve  centres,  and  glands,  but  is  somewhat 
cooled  on  traversing  the  capillaries  of  the  skin.  Recently  drawn 
blood  has  a  distinct  odour,  which  in  many  cases  is  characteristic  of 
the  animal  from  which  it  has  been  taken;  it  may  be  further 
developed  by  adding  to  blood  a  mixture  of  equal  parts  of  sulphuric 
acid  and  water. 


iid 


*  The  amphw^rut  and  the  Uidotufphalui^ 


QiMSti^  of  thm  Blood.— Ike  fouKlilj  of  Uood  in  an  maimal 
m  Qsvaflf  Oitintited  is  tlie  foOomi^  amuir:— A  simII  mmntifcT 
of  UoodktifcaD  bmaatniaid  t^noianetim;  ti  ^  defifirinated 
isod  moMiErod,  aad  and  to  OMfce  atuidaid  MliOiuaa  at  falood.  The 
uiBfll  is  Am  nmdif  bled  to  dailh.  Slid  Hie  libod  irtm^  en^m  is 
eoOected  Hie  blood-i«Mdb  wxb  ^mt  wifAod  out  with  wm&m  aoln- 
lioci  until  the  wiatmigi  tts  no  kM^er  colomod,  and  thesa  are  add^d 
to  the  previous] J  wiibdfawm  blood ;  ludy .  the  whole  aninttl  is  finely 
mineed  with  ssUna  ioltttioiL  The  tnid  obtuoed  foom  the  imndngs 
is  GsiefaU  J  filtecied  aiidid^dtotfaedOitledhloodiicevicMi^oblattied, 
and  the  whole  la  raeaaared.  The  next  step  in  the  ptooeas  m  the  ecnn- 
pariwm  of  the  coloitr  ol  the  dUnled  blood  with  that  of  standard  solu- 
tions of  Mood  and  water  of  a  known  stieiigthp  imlil  ii  ia  dJacoreted 
to  what  standard  soltitioii  the  dilate<i  Mood  eorresponda.  As  tha 
amonnt  of  blood  in  tha  correspoQding  standard  aolution  is  known,  as 
well  as  the  total  qtmntitj  of  diluted  blood  obtained  bozn  the  aniinai 
it  is  easy  to  i^Icnlate  the  abeolnte  amount  of  blood  which  the  latter 
contatDad,  and  to  this  is  added  the  stnaU  amount  which  was  with* 
drawn  to  make  the  standard  solotiona  This  giras  the  total  amount 
of  blood  which  the  anim&l  contained.  It  is  contrasted  with  the 
weight  of  the  ammal,  prsviotialj  known.  The  result  of  experiments 
perfofrmed  in  this  waj  showed  that  the  qnantity  of  blood  in  various 
animals  differs  a  good  deal,  hut  in  the  dc^  averages  iV  ^  iV  ^^  the 
total  body-weight. 

Haldane  and  Lorrain  Smith  have  invented  another  method  which 
has  the  advantage  of  being  applicable  to  man.  The  data  required 
are  (1)  the  percentage  of  hemoglobin  in  the  blood,  and  (&)  the  extent 
to  wlucb  the  haemoglobin  is  saturated  bj  a  mmmrid  amoont  of 
carbonic  oxide  absortied  into  the  blood. 

The  percentage  of  hemoglobin  is  determined  colorimetrically  by 
the  Oowers'  or  Gowera'-Haldane  haemoglobinometer  (see  p»  449).  In 
the  latter  instrument  the  standard  100  per  cent  of  colour  corresponds 
to  a  capacity  of  18*5  c.c,  of  oxygen  or  carbonic  oxide  per  100  ca  of 
blood.  The  subject  whose  blood  is  to  be  measured  breathes  a  known 
volume  of  carb^jnic  oxide,  and  a  few  drops  of  the  blood  are  taken  and 
the  saturation  of  his  hsemoglobin  is  determined  colorimetrically. 
From  thiH  result  the  total  capacity  of  the  blood  for  carbonic  oxide  is 
calculated,  The  ^'carboaio  oxide  capacity"  is  the  same  as  the 
"  oxygen  capacity/'  The  volume  of  the  blood  is  then  calculated  from 
the  total  **  oxygfiti  capacity/'  and  the  percentage  capacity  aa  deter- 
mined by  the  hfemoglobinometen  The  following  is  an  example ; — The 
Hubjflct's  blood  in  a  given  case  has,  let  us  say,  the  colour  of  the  100 
per  cent  standard,  and  therefore  has  a  capacity  of  18  5  c,c,  per  100 
0,0*  blood,  IIo  is  then  allowed  to  breathe  76  c*a  of  carbonic  oxide, 
and  it  is  then  found  tbit  his  blood  is  15  per  cent  saturated.    The 
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amount  required  to  completely  saturate  his  blood,  or  in  other  words 

his  total  capaoityj  must  be  75  x  -i  c  =  500  ex.     Since  18'5  cc.  of  thia 

total  is  carried  by  100  c,c,  of  his  blood,  the  total  volume  required  to 

contain  500  ex.  is  500x^^-^-2700  co*    The  subject  has  therefore 

io*5 

27  ntrea  of  blooA    The  total  weight  is  obtained  by  multiplying  the 

volume  by  the  specific  gravity  (about  1'055), 

Some  of  the  results  of  thia  method  are  as  follows : — The  mass  of 

the  blood  in  man  is  about  4*9  per  cent,  (^tt^   ot  the  body-weight. 

The  corresponding  ratio  of  the  blood  volume  is  4*62  c.c.  per  100 

grammes,  or   ^r^     In  pathological  conditions    the    numbers    are 

different;  thus  in  auBemia  from  haemorrhage,  the  volume  ratio  ia  6*5, 
in  pernicious  anaemia  8*6,  in  chlorosis  10 '8.  In  other  words,  in 
various  forma  of  anBemia  the  actual  volume  of  the  blood  is  increased, 
but  of  course  the  corpuscular  and  solid  constituents  are  correspond- 
ingly diminialied. 

Coagulation  of  the  Blood, 

After  the  blood  is  shed  it  rapidly  becomes  more  viscous  and  then 
sets  into  a  firm  red  jelly.     The  jelly  soon  contracts  and  squeezes  out 


J 


— X^. 


r^ 


Wm.  844,^ — EtiycnltiiD  ortlbrliit  imm  a  drop  of  ktittikti  blood,  mfler  lre*tiii«ibt  with  n»atdUn^    Tiie 
eDtftn^ed  csorpuicliN  ftre  not  fixm.    (liaDvicrO 

a  straw-coloured  fluid  called  the  serum.  With  the  microscope, 
li laments  or  tine  threads  are  seen  forming  a  network  throughout  the 
fluid  (fig,  344),  many  radiating  from  small  clumps  of  blood-platelets. 
These  threada  entangle  the  corpuscles,  and  so  the  clot  is  formed. 
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The  threads  are  composed  of  a  protein  substance  cabled  f^rin,  and 
the  formation  of  fibrin  is  the  essential  act  of  coagulation.  Fibrin  is 
foriiied  from  the  plasma,  and  may  be  obtained  free  from  corpuscles 
when  plasma  is  allowed  to  clot,  the  corpuscles  having  previouBlj 
been  removed  by  methods  we  shall  immediately  study.  It  may  also 
be  obtained  from  blood  by  whipping  it  with  a  bunch  of  twigs ;  the 
fibrin  adheres  to  the  twigs  and  entangles  but  few  corpuscles;  these 
may  be  removed  by  subsequent  washing  with  water. 

Serum  is  plasma  minus  the  fibrin,  which  it  forms.  The  relation 
of  plasma,  serum,  and  clot  can  be  seen  at  a  glance  in  the  following 
scheme  of  tlie  constituents  of  the  blood :- — 


f  Plasma 


/Serum 
\  Fibrin 


Blood^ 


[Corpuscles 


Clot 


It  may  be  roughly  stated  that  in  100  parts  by  weight  of  blood  60-65 
parts  consist  of  plasma  and  35-40  of  corpuscles. 

The  hu£i/  coat  ia  seen  when  blood  coagulates  slowly,  as  in  horse's 
blood.  The  red  corpuscles  sink  more  rapidly  than  the  white,  and 
the  upper  stratum  of  the  clot  (buffy  coat)  consists  mainly  of  fibrin 
and  white  corpuscles. 

Copulation  is  hastened  by — 

1.  A  temperature  a  little  over  that  of  the  body. 

2.  Contact  with  foreign  matter. 

3.  Injury  to  the  vessel  walls. 

4.  Agitation. 

5.  Addition  of  calcium  aaJts. 
6<  Injection  of  nucleo-protein  into  the  circulation  causes 

vascular  clotting. 

Coagulation  is  hindered  or  prevented  by — 

1,  A  low  temperature.     In  a  vessel  cooled  by  icCj  coagulation 

may  be  prevented  for  an  hour  or  more. 

2,  The  addition  of  a  large  quantity  of  neutral  salts  such  aa  sodiuin_ 

sulphate  or  magnesium  sulphate, 

3,  Addition  of  a  soluble  oxalate,  fluoride,  or  citrate. 

4,  Injection  of  commercial  peptone   (which  consists  chiefly  of 

proteoses)  into  the  circulation  of  the  living  animab 

5,  Addition  of  leech  extract  to  the  blood,  or  injection  of  leech 

extract  into  tlie  circulation  while  the  animal  is  alive, 

6,  Contact  with  the  living  vascular  walls. 

7,  Contact  with  oil 


CiL  xxvl] 


ORIGIN  OF  FIBKm   FBEMKNT 


423 


The  csauae  of  the  coagulation  of  the  blood  may  be  briefly  stated 
as  follows : — 

When  blood  is  within  the  vessels,  one  of  the  constituents  of  the 

plasma,  a  protein  of  the  globulin  class,  oailed  fibrinogen,  exists  in  a 

soluble  form.    When  the  blood  is  shed>  the  fibrinogen  molecule  is 

altered  in  such  a  way  that  it  gives  rise  to  the  comparatively  insoluble 

material /frrm. 

The  statement  has  been  made  that  the  fibrinopren  molerule  is  spht  into  two 
parts ;  one  part  ia  a  globulin  f  fibrino-globiiUii),  which  remains  in  solution ;  the 
other  and  larger  part  is  the  insoluble  substance  fibrin*  It  ifi,  however,  doubtful  if 
this  really  represents  what  occurs,  for  recent  work  seems  to  show  tliat  the  fibrino- 
globulin  is  not  a  product  of  fibrinogen^  but  exists  in  the  blood-plasma  beforehand. 
At  any  rate,  whetJier  this  is  so  or  not,  the  faet  remains  that  fibrin  is  the  important 
product  and  the  only  one  which  need  concern  us» 

The  next  question  is,  What  causea  the  transformation  of  fibrinogeEi 
into  iibriii  ?  and  the  answer  to  that  ia,  that  the  change  is  due  to  thai 
activity  of  an  enzyme  which  ia  called  Jthfin-fervimt  or  thrombin. 

This  ferment  does  not  exist  in  healthy  blood  contained  in  healthy 
blood-vessels,  but  is  formed  by  the  disintegration  of  the  blood- 
platelets  and  colourless  corpuscles  which  occurs  when  the  blood 
leaves  the  blood-vessels  or  cornea  into  contact  with  foreign  matter. 
Hence  the  blood  does  not  coagidafce  during  life.  But  it  wOl  be  said, 
disintegration  of  the  blood-corpuscles  occurs  during  life,  why,  then, 
does  the  blood  not  coagulate?  The  reason  is^  that  although  the 
formed  elements  do  disintegrate  in  the  living  blood,  such  a 
phenomenon  takes  place  very  slowly  and  gradually,  so  that  there 
can  never,  under  normal  circumstances,  be  any  massive  liberation 
of  fibrin-ferment,  and  further,  that  there  are  agencies  at  work  to 
neutralise  the  fibrin-ferment  as  it  is  formed.  The  most  noteworthy 
of  these  neutralising  agencies  ia  the  presence  in  the  blood  of  an 
antiferment  called  mitithrmibin^  analogous  to  the  antipepsin  and 
antitrypsin  which  we  shall  see  are  effleacious  in  preventing  the 
stomach  and  intestines  from  undergoing  self-digestion. 

Thrombin  or  fibrin-ferment  belongs  to  the  class  of  nucleo* 
proteins,  and  other  nucleo-proteins  obtained  from  most  of  the 
cellular  organs  of  the  body  produce  intravascular  clottiug  when 
injected  into  the  circulation  of  a  living  animal  In  certain  diseased 
conditions,  intravascular  clotting  or  thrombosis  sometimes  occurs* 
This  must  be  due  either  to  the  entrance  of  nucleo-protein  into  the 
circulation  from  diseased  tissues,  or  to  a  failure  of  the  body  to 
produce  sufficient  an  ti thrombin  to  neutralise  its  effect,  or  to  both 
of  these  conditions  together. 

Thrombin  is  believed  to  originate  chiefly  from  the  blood-platelets 
and  in  part  from  the  leucocytes.  Bh^ds'  blood  clota  very  slowly^ 
and  the  absence  of  blood-platelets  in  this  variety  of  blood  will,  in 
partj  account  for  this.     Lymph,  which  contains  colourless  corpuscles, 
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but  no  platelets,  also  etdts  iu  time»  so  in  this  case  the  colottrlesa 
corpuscles  must  be  the  source  of  the  ferment.  One  should,  however, 
be  careful  in  speaking  of  the  disintegration  of  leucocytes  to 
remember  that  the  word  disintegration  does  not  mean  complete 
breakdown  leading  to  disappearance;  the  colourless  corpuscles  do 
not  appreciably  diminish  in  number  when  the  blood  clots,  but  what 
occurs  is  a  shedding  out  from  the  surviving  leucocytes  of  certain 
products,  among  which  fibrin-ferment  is  one. 

We  have  now  traced  fibrin  formation,  the  essential  cause  of 
blood-clotting,  to  the  activity  of  thrombin ;  it  is  next  necessary  to 
allude  to  what  has  been  discovered  in  relation  to  the  origin  of 
thrombin.  like  other  ferments,  it  is  preceded  by  a  mother-substance 
or  zymogen,  This  zymogen  is  called  prothrombin  or  thromhogmi^ 
and  there  appear  to  be  two  necessary  agents  concerned  in  the 
sconversiou  of  thrombogen  into  thi'ombin ;  one  of  these  iw  the  action 
of  calcium  salU,  the  other  is  the  presence  of  an  activating  agent 
(analogous  to  tlie  enterokinase,  which  activates  pancreatic  juice) 
called  thromhokinas€.  The  exact  role  played  by  each  is  still  a 
matter  of  speculation,  but  we  may  learn  a  good  deal  by  studying  a 
little  more  in  detail  some  of  the  methods  akeady  enumerated  for 
preventing  the  blood  from  coagulating. 

The  part  played  by  calcium  salts  is  well  illustrated  by  the  fact 
that  coagulation  is  prevented  by  the  decalcification  of  the  blood. 
This  can  be  accomplished  by  the  addition  of  a  small  amount  of  a 
soluble  oxalate  or  fluoride  to  the  blood  immediately  it  is  shed.  The 
calcium  of  the  blood  plasma  is  then  immediately  precipitated  as 
insoluble  calcium  oxalate  or  fluoride,  and  is  thus  not  available  for 
the  transformation  of  thrombogen  into  thrombin.  The  addition  of  the 
oxalate  or  fluoride  must  be  rapidly  performed,  otherwise  time  will  be 
given  for  the  conversion  of  thrombogen  into  thrombinj  and  thrombin, 
when  formed,  will  act  upon  fibrinogen  whether  the  calcium  has  been 
removed  or  not  In  other  words,  calcium  is  only  necessary  for  the 
formation  of  fibrin -ferment,  and  not  for  the  action  of  fibrin- ferment  on 
fibrinogen,     Fibrin  is  thus  not  a  compound  of  calcium  and  fibrinogen, 

The  action  of  a  soluble  citrate  is  also,  in  a  certain  sense,  a 
decalcifying  action,  for  although  calcium  citrate  is  a  soluble  salt,  it 
does  not  ionise  in  sohition  so  as  to  liberate  the  free  calcium  ions 
'which  are  essential  for  thrombin  formation. 

'»'  Oxalated  blood  (or  oxalated  plasma)  will  clot  when  the  calcium 
is  once  more  restored  by  the  addition  of  a  small  amount  of  calcium 
chloride,  but  such  addition  to  fluoride  plasma  will  not  induce 
clotting ;  in  this  case,  thrombin  itself  must  be  added.  In  some  way 
eodium  fluoride  interferes  with  the  formation  of  thrombin,  probably 
l)y  preventing  the  liberation  of  thronjbokinase  from  the  corpuscular 
elements  of  tlie  blood.    The  latter  are  certainly  very  well  preserved. 
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The  second  activating  agent,  however,  thrombokinase,  is  not  only 
Uborated  from  the  blood-corpuscles,  but  it  is  also  obtained  from  many 
other  tissues.  If  a  hsemorrhage  takes  place  under  ordinary  circiun- 
stances  the  blood  as  it  flows  from  the  wound  passes  over  the  muscles 
and  skin  that  have  been  cut|  and  rapidly  clots  owing  to  the  throm- 
bokinase  supplied  by  thoae  tissues.  If  blood  is  obtained  by  drawing 
it  off  through  a  perfectly  clean  cannula  into  a  clean  vessel  without 
allowing  it  to  touch  the  tissues,  it  remains  unclotted  for  a  long 
time ;  in  the  case  of  birds'  blood  this  time  may  extend  to  many  daye; 
but  the  addition  of  a  small  piece  of  a  tissue  such  as  muscle,  or  of  an 
extract  of  such  a  tissue,  produces  almost  immediate  clotting.  If  a 
solution  of  fibrinogen  is  prepared  and  calcium  added  it  will  not  clot ; 
if  thrombin  or  a  fluid  such  as  serum  which  contains  thrombin  is  added 
it  will  clot.  It  will  not  clot  if  birds*  plasma  obtained  as  above  is  added 
to  it ;  nor  if  tissue  extract  is  added  to  it ;  but  if  both  are  added  it  will* 
In  other  words,  the  thrombogcu  of  the  birds*  plasma  plm  the  throm- 
bokinase  of  the  tissue  extract  have  the  same  effect  as  thrombin. 

The  next  point  to  consider  is  why  blood  obtained  after  the 
previous  injection  of  proteoses  (or  commercial  peptone)  into  the 
circulation  does  not  clot.  It  certainly  contains  calcium  salts,  and 
probably  both  thrombogen  and  thrombokinase,  for  it  can  be  made  to 
clot  without  the  addition  of  either,  for  instance  by  dilution,  or  the 
passage  of  a  stream  of  carbon  dioxide  through  it.  There  must  be 
something  in  peptone  blood  which  antagonises  the  action  of  thrombiii. 
This  something  is  an  excess  of  antithi-ombin.  Peptone  will  not 
hinder  blood-coagulation,  or  only  very  shghtly  if  it  is  added  to  the 
blood  after  it  is  shed.  The  antithrombin  must  therefore  have  been 
added  to  the  blood  while  it  was  circulating  in  the  body.  We  can 
even  go  further  than  this,  and  say  what  part  of  the  body  it  is  which 
is  concerned  in  the  production  of  antithrombin.  It  is  the  liver ;  for 
if  the  liver  is  shut  off  from  the  circulation,  peptone  is  ineffective  in 
its  action.  The  converse  experiment  confirms  this  conclusion,  for  if 
a  solution  of  peptone  is  artificially  perfused  through  an  excised 
surviving  liver,  a  substance  is  formed  which  has  the  power  of  hinder- 
ing or  preventing  the  coagulation  of  shed  blood.  Peptone  blood  is 
very  poor  in  leucocytes;  the  cause  of  their  disapi>earance  ia  not 
clear, 

We  are  thus  justified  in  two  conclusions: — 

(1)  That  the  antithrombin  (normally  present  in  healthy  blood  in 
sufficient  quantities  to  prevent  intravascular  dotting)  is  formed  in 

tthe  liver. 

(2)  That  commercial  peptone,  in  virtue  of  the  proteoses  it 
contains,  stimulates  tliis  action  to  such  an  extraordinary  degree 
that  the  accumulation  of  antithrombin  in  the  blood  becomes  so 
great  that  the  blood  does  not  clot  even  after  it  is  ahed. 
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We  will  conclude  by  considering  only  one  more  uf  the  hindrances 
to  coagulation,  and  that  by  no  meatid  the  least  mtere&ting.  The 
leech  lives  by  sucking  the  blood  of  other  animals ;  from  the  leech's 
point  of  view  it  is  therefore  necessary  that  the  blood  should  flow 
freely  and  not  clot  The  glands  at  the  head  end  of  the  leech,  often 
Bpoken  of  roughly  as  its  salivary  glands,  secrete  sometliing  which 
hmders  the  blood  from  coagulating,  and  eveiyone  knows  by  experi-  ^y 
eiice^  who  has  been  treated  by  leeches,  how  difiBcult  it  is  to  prevent  ^M 
a  leech-bite  from  bleeding  after  the  leech  has  been  removed ;  com-  ^t 
plete  cleansing  is  necesesry  to  wash  away  the  leech's  secretion  from 
the  wound  Now  if  an  extract  of  leeches'  heads  is  made  with  salt 
solution  and  fdtered,  that  flnid  wUl  prevent  coagulation  whether  it  is 
injected  into  the  blood  stream  or  added  to  shed  blood.  The  sub- 
stance in  question  is  believed  to  be  antithrombiii  itself.  Blood  so 
obtained  can  be  made  to  clot  by  the  addition  of  thrombin  or  such  a 
fluid  as  serum  that  contains  thrombin  in  sufficient  amount 

We   may  summarise  our  present  knowledge   of  the  causes  of 
coagulation  in  the  following  tabular  way : — 


From  the  platelets,  and 
to  II  lesac'f  degree  froni  the 
leucocytes,  a  nucleo-pro- 
tein  IB  shed  out,  called-— 

I 
I 


From  the  formed  ele- 
ments of  the  bLood,  but 
I Jso  from  the  tissuett  over 
whit- 1 1  the  esesip'mg  blood 
Howi^t  is  sht'd  out  an  act!- 
vatjng  agent,  called— 

TnaojiBOKijyASE. 


In  the  blood  ptas- 
tna  &  protein  sub- 
ttance  exists,  called  — 

FlUUlKO&£N» 

I 


In  the  presence  of  calchm  salts*  thrombo kinase 
Activates  thrombogcn  in  such  a  way  that  an  active 
ferment  is  produced,  which  is  called— 

Tkbombik, 
I 


Thrombin  or  fibrin -ferment  acts  on  fibrinogen  in  such  a  way  that  it  b  trnns- 
ftjrmed  into  the  insoluble  stringy  material  which  is  called— 

FuiniN. 
The  Plasma  and  Serum. 

The  liquid  in  which  the  corpuacleB  float  may  be  obtained  by 
employing  one  or  other  of  tho  methods  already  described  for  pre- 
venting the  blood  from  coagulating.  The  corpuscles,  being  heavy> 
sink,  and  the  supernatant  plasma  can  then  be  removed  by  a  pipette 
or  siphon,  or  more  thoroughly  by  the  use  of  a  centrifugal  machine 
(see  fig.  345).  . 

On  counteracting  the  influence  which  has  prevented  the  blood 
from  coagulating,  the  plasma  then  itself  coagulates.  Thug  plasma 
obtained  by  the  use  of  cold  clots  on  warming  gently ;  plasma  which 
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has  been  decalcified  bj  the  action  of  a  soluble  oxalate  clots  on  the 
addition  of  a  calcium  ealt ;  plaama  obtained  by  the  use  of  a  strong 
solution  of  neutral  salt  coagulates  yvhen  this  is  diluted  hj  the  addition 
of  water,  the  addition  of  fibrin-ferment  being  necessary  in  most  cases ; 
where  coagulation  occurs  without  the  addition  of  fibrin-ferment  no 
doubt  some  is  present  from  the  partial  diaintegration  of  the  corpuscles 


m 


ky^ 


zA 


1,  S4£,— Plaji  mnd  mbcUod  at  ceutrlfUgal  maebiae.  a,  aii  iron  iock<it  Mctmd  U>  top  of  tLble  n;  c,  a 
iteel  apipdle  eajryiug  tltii  turntable  d*  uid  tunUDj;  fnely  Eu  a  ;  i,  ft  flKnge  round  tLirtitAblo  d; 
F  r,  sh^DW  grooves  on  Ikoi  ofs  14  wh^cb  tbts  bo^t-tiibos  iijv  fixed  by  oLunps  q  o ;  Hi  a  pulley  0x?d 
%0  end  of  spindle  o.  Kn4  turned  by  tL«  csoitl  k  ;  1 1  Are  two  guldA  puUeys  for  oord  ic.  Tiie  upper  part 
of  tbe  Higure  Is  «  ^ufftce  view  of  the  rotating  turntable,    COamgQ«.} 

which  has  already  occurred.  Pericardial  and  hydrocele  fluids 
resemble  pure  plasma  very  closely  in  composition.  As  a  rule, 
however,  they  contain  few  or  no  white  corpuscles,  and  do  not  clot 
spontaneously,  but  after  the  addition  of  fibrin-ferment,  or  liquids  such 
as  serum  that  contain  fibrin -ferment,  they  always  yield  fibrin. 

Pure  plasma  may  be  obtaiuod  from  horse's  veins  by  what  is  known 
i  the  **  living  test-tube  "  experiment     If  the  jugular  vein  is  ligatured 
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in  two  places  bo  as  to  include  a  quantity  of  blood  within  it,  then 
removed  from  the  animal  and  hung  in  a  cool  place,  the  blood  will  not 
clot  for  many  houra  The  corpuscles  settle,  and  the  supernatant 
plasma  can  be  removed  with  a  pipette* 

The  plasma  is  alkaline,  yellowish  in  tint,  and  its  specific  gravitj  I 
is  about  1026  to  1029.     1000  parts  of  plasma  contain  ; — 

Water 002-90 

Solids 97-10 

Proteins ;  h  yield  of  fibnn       ,        .        .        .        .        .        »  4*05 

2.  other  proteins 78  "84 

Extractives  (induding  fat)         »        ,        .        ,        .        .        ,  6*66 

Inorganic  salts *        »  &'55 

In  round  nmiibers,  plasma  contains  10  per  cent,  of  solids,  of  which 
8  are  protein  in  nature.  Fibrinogen,  as  judged  from  the  yield  of 
fibrin,  is  the  least  abundant  of  the  proteins  present. 

Serum  contains  the  same  three  classes  of  constituents — proteins, 
extractives,  and  salts.  The  extractives  and  salts  are  the  same  in 
both  liquids.  The  proteins  are  different,  as  is  shown  in  the  following 
table : — 


Proinn*  of  Pi<i»ma* 
Fibrinogen. 
Seruni  globulin. 
Seru[ii  albamm. 


Protsin^  of  Strum. 
Serum  globuDn. 
Serum  albumia. 
Fibrio  -f erment  (nucleo-protein> 


The  gases  of  plasma  and  serum  are  small  quantities  of  oxygen, 
nitrogen,  and  carbonic  acid*  The  greater  part  of  the  oxygen  of  the 
blood  is  combined  in  the  red  corpuscles  with  haemoglobin;  the 
carbonic  acid  is  ehieiiy  combined  as  carbonates.  The  gasea  of  the 
blood  have  already  been  considered  under  Respiration  (see  p.  377), 

We  may  now  study  one  by  one  the  various  constituents  of  the 
plasma  and  serum. 

A.  Proteins.— J^t&riTMJ^att,  the  mother-substance  of  fibrin,  is  a 
globulin.  It  differs  from  serum  globulin,  and  may  be  separated  from 
it  by  making  use  of  the  fact  that  half-saturation  with  sodium 
chloride  precipitates  it.  It  coagulates  by  heat  at  the  low  tempera- 
ture of  56"  C. 

Serum  glohvlin  and  serum,  albumin. — These  substances  exhibit  the 
usual  differences  already  described  between  albumins  and  globulins 
(p»  410).  Both  are  coagulated  hy  heat  at  a  Uttle  over  70''  C.  They 
may  be  separated  by  dialysis  or  the  use  of  neutral  salts.*  The 
readiest  way  to  separate  them  is  to  add  to  the  serura  an  equal  volume 
of  saturated  solution  of  ammonium  sulphate.  This  ia  equivalent  to 
semi-saturation f  and  it  precipitates  the  globulin.     If  magnesium 

*  The  plobulin  of  the  serum  precipitated  by  *' saJtiag  out'*  really  consists  of 
twg  proteiuSf  one  of  whk'h  is  precipitated  by  dialysis  (euglobuliEi),  and  the  other  is 
Dot  Cpseudo^lobulin). 
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sulphate  is  used  as  a  precipitant  of  the  globulin  it  must  be  added  in 
the  form  of  crystals,  and  the  mixture  well  shaken  to  ensure  complete 
satui'atiou. 

Fibrin-ferment. — Sell  mid  t's  method  of  preparing  it  is  to  take 
senim  and  add  excess  of  alcohol.  This  precipitates  all  the  proteins, 
fibrin-ferment  included.  After  some  weeks  the  alcohol  is  poured  off; 
the  serum  globulin  and  serum  albumin  have  been  by  this  means 
rendered  iiiaoluble  in  water ;  an  aqueous  extract  is,  however,  found 
to  contain  fibrin -ferment,  which  is  not  so  easily  coagulated  by  alcohol 
as  the  other  proteins  are.  Prepared  in  this  way,  however,  it  differs 
in  some  of  its  properties  from  the  thrombin  that  is  formed  in  shed 
blood,  and  to  which  no  chemical  regents  have  been  added. 

B.  Extractives, — These  are  non-nitrogenous  and  nitrt^enous. 
The  non-nitrogenous  are  fats,  soaps,  cholesterin,  and  sugar;  the 
nitrogenous  are  urea  (002  to  0*04  per  cent-),  and  still  smaller 
quantities  of  uric  acid,  creatine,  creatinine,  xanthine,  and  hypo- 
xanthine  and  amiuo-aeids. 

Q  Salta — The  most  abundant  salt  ia  sodium  chloride;  it  con- 
stitutea  between  60  and  90  per  cent  of  the  total  mineral  matter. 
Potassium  chloride  is  present  in  much  smaller  amoimt.  It  consti- 
tutes about  4  per  cent  of  the  total  ash.  The  other  salts  are 
phosphates  and  sulphates. 

Schmidt  gives  the  following  table  i — 

1000  parts  of  plasma  yield— 

Minemt  matter ....         .         .        ,         .        .  8'&50 

Chiorine    ,......,•,  3 '640 

SO, -  O'HS 

PA 0191 

Potafisiura    ^ 0*323 

Sodium      .».*..**..  3  S41 

Calcium  phosnhate 0*311 

Magnesium  phosphate       ....,,.  0*222 

The  Blood-Corpu^eles. 

Bed  OP  Coloured  Corpusclea — Human  red  blood-corpuscles  are 
circular  biconcave  discs  with  rounded  edges,  y^W  ^^^^  iJi  diameter 
(7/^  to  SfA)  and  y^irnr  in^h,  or  about  2ja,  in  thickness.  When  viewed 
aii^lj  thej  appear  of  a  pale  yellowish  tinge;  the  deep  red  colour 
which  they  give  to  the  blood  is  observable  in  them  only  when  they 
are  seen  en  Tna&se, 

Aceoidini^  to  RoUett  they  are  composed  of  a  transparent  61ray  framework 
infiltrated  in  all  parts  bj  the  red  pigment  kamofflobitK  This  Bttoma  is  elastic,  so 
that  as  the  corpuscles  circulate*  Ihey  admit  of  change  in  fortn*  and  retoveF  their 
DfiLtiiml  shape  as  soon  as  they  escape  from  compression.  According  to  this  theory* 
the  consistency  of  the  peripheral  part  of  the  iitroma  is  greater  than  that  of  the 
csentral  portions  ;  the  outer  layer  thus  pbys  the  part  of  a  membrane  in  tlie  processea 
^  of  osmoiiis  that  occur  when  water  or  salt  iolutio!i.s  are  added  to  the  corpuscles* 
^     bis  idew  of  RoUett  has  been  questioned,  partieularly  by  Schiifer,  who  regards  the 
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red  corpuscles  as  compost  of  a  colourless  envelope  cndosing  a  solution  of  hsemo- 
glabin.  Tlie  presence  of  a  incinbtune  on  tlve  exterior  of  the  corpuscle  is  undoubted, 
and  CAii  be  clearly  distinguished  by  n  gfjod  microscope  in  the  larger  corpusctea  of 
amphibi.i.  It  is,  however,  difficult  to  explain  th«  elustioity  of  the  corpusclaa*  and 
the  cetitral  position  of  the  nucleus  in  nucleated  red  corpuscles,  unless  we  also  asstiiiie 
tlmt  delicAte  fibres  imns  across  the  interior  of  the  corpuscles* 

Manrnialian  red  corpuaclos  have  no  nuclei ;  the  unequal  refracliot] 
of  transmitted  light  gives  the  appearance  of  a  central  spot,  darker  or 
brighter  than  the  border,  according  as  it  ia  viewed  in  or  out  of  focus. 
Their  specific  gravity  is  about  1088. 

The  corpuscles  of  all  mammals,  with  the  exception  of  the  camel 
tribe,  are  circular  and  biconcave.     They  are  generally  very  nearly 


« 


© 


m 
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I4(k— Hed  c»ri)usc1«M  Jn  roul««ux. 


Fva,  847*— Gorptticlefl  of  tbe  trog,  Tli« 
OBntnU  niufl  ocinaiats  of  Bueliiatod 
eolauriMJ  oorptiicloH^  The  oUiair  oor- 
puiicles    mm    iwo    vAtiftl^ei   of   th« 


the  size  of  human  red  corpuscles.  They  are  Bmallcat  in  the  deer 
tribe  and  largest  in  the  elephant.  In  the  camelidee  they  are 
biconvex.  In  all  mammals  the  corpuecles  are  non-nucleated,  and 
in  all  other  vertebrates  (birds,  reptiles,  amphibia,  and  fishes)  the 
corpuscles  are  oval,  biconvex,  and  nucleated  (fig.  348)  and  larger 
than  in  mammals.  They  are  largest  of  all  in  certain  aniphibiana 
{amphmma^  protmis). 

The  red  corpuscles  are  not  all  alilcOi  for  in  almost  every  specimen 
of  blood  may  be  also  observed  a  certain  number  of  corpuscles  smaller 
than  the  rest.  They  are  termed  microc^tes,  or  hwTnatoUasts,  and  are 
probably  immature  corpuscles* 

A  property  of  the  red  corpuscles,  which  is  exaggerated  in  inflam- 
matory blood,  is  a  tendency  to  adhere  together  in  rolls  or  columns 
(rouleaux),  like  piles  of  coins*     These  rolls  quickly  fasten  together 
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by  their  ends,  and  cluster;  so  that,  when  the  blood  ia  spread  out  thinly 
on  a  glaBB  thoy  form  an  irregular  network  (fig.  346). 
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Flo,  a49^^The  abovt  iUunUatidn  h  somfwliit  BlberE^tl  fmtu  p  dniwiug  hy  Gulliver^  in  tltc  Procwd, 
ZooL  aocletjt  ind  eitbibRs  the  typical  chiLracters  of  thu  twl  hlixxl-tells  in  thn  mnia  dlviaiona  of  thfl 
VerUifantA.  Tbfi  fractlaaB  are  thow  or  hd  tacb,  jmd  represent  the  Hviange  dUraet4r,  In  Uift  gum 
of  tilu»  ovaI  crilU^  otklj  th«  loug  dliftiDetcir  [th^m  ^vep.  It  la  n)mu-1ubl«,  that  dtbough  tbft  iLbo  of 
tl]#  »d  Mcnd-oellB  variefl  «q  inuch  tu  tha  diDtorent  cluiefl  or  tke  vnrto1imt«  Icin^in,  tli«t  of  Qm 
wBite  corpuadefi  renDAini  comparfttLvQly  untform*  uid  thoa  tlu^  ire,  In  JI01ei«  wii)ii&U»  largpr,  In 
othon  Bmulcf,  tb«ji  tb«  ted  corpaitclr^. 

Action  of  ReGL^ents,— Considerable  light  has  been  thrown  on  the  physical  and 
chemical  constitution  of  fed  blcKid-celk  bj  studying  the  effects  produced  by 
mechanical  means  and  by  various  reagents  ;  the  following  is  a  brief  summary  m 
these  reactions  :—  d\siA 

Watttr^—^Vfhtn  water  is  added  gradually  to  frog's  blood,  tlie  oval  disc-^shaped 
corpuscles  become  spherical,  and  gmdualiy  discharge  thei^  basrooglobin,  a  pale, 
transpawrnt  stroma  or  envelope  being  left  behind:  human  red  blood-cells  swell, 
ch&tkge  from  a  discoidal  to  a  spheroidal  form,  and  discharge  their  pigments 
becoming  quite  transparent  and  all  but  invisible,     Tliis  effect  ii^  due  to  osmosis^ 

Fhtfithjiaifiral  jtalinfi  nolntitm  causes  no  effect  on  the  red  corpuscles  t>eyond  pre- 
ventiDg  them  running  into  rouleaux.  If  a  stronger  salt  solution  is  used,  the  cor> 
puscles  shrink  and  become  erenated  {fig*  349)  owing  to  osmosis  of  water  outwards. 
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iimi  (cpoji*- 
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i>i7t^  iift0tir  arid  causes  the  nucleus  of  the  red  blood-^^eHs  in  the  &iq^  Io  become 

more  clearly  defined  j  if  the  action  is  prolonged,  the  nucleus  l>ec0tii«e  «tn»^ 

^^^  trranulated,  ana  all  the  t  olourin^  matter  seems  to 

^  j|.  ^^^  be  concentrated   m   it.  the  surround] eg  cell-sub- 

0^  ^^^  stance  and  outline  of  the  cell    becommg-  almost 

#  ^^K  invisible;   after  a  time  the  ceils  lose  their  cdoor 

altOKether     The    cells    in    the    figure    (fig.    S50) 

represent    the  successive  stages   of   the   change. 

A  similar  loss  of  colour  occurs  in  the  red  cor* 

puscles  of  human   blood,   which,   however,   from 

the  absence  of  nuclei*  seem  to  disappear  entirely, 

Dil*ti0  aiknli*  rftuse  the  red  blood-cells  to  dissolve  slowly,  and   finally  to 

disappetir 

ChUfroforfn,  ifih^r*  ajod  other  reagents  that  dlssolre  fets  dissolve  the  fiitty 
BUbstaiice  (ledthm*  etc.)  of  the  membrane  that  surrounds  the 
corpusdes,  and  so  produce  laking  of  the  blood.  ^ 

Tannic  aei'L—When  a  2  per  cent  fresh  solution  of  tannic  J 

acid  is  applied  to  frog's  blood  it  causes  the  appearance  of  a       ■  ^^ 
iharplynfeftned   little   knob,  projecting  froi"   the  free  surface 
{HtMrid  mnrutti):  the  colouring  matter  liecomes  at  the  same  O^ 

time  concentrated  in  the  nucleus,  which  grows  more  distinct      Fm.  8.^i._EtTec{pf 
(tig*  851>    A  somewhat  similar  effect  is  produced  on  the  human  yumln. 

roa  blood<orpttfl€k,  the  colouring   niatter   being  discharged 
atid  ooagulAted  as  a  little  knob  of  hffimatin  on  tlie  surface  of  the  curpuscle, 

lloni  anU— A  2  per  cent,  solution  applied  to  nucleated  red  blood-cells  will 

cause  the  concentration  of  all  the  colouring 
matter  in  the  nucleus  ?  the  coloured  body  thus 
formed  gradually  quits  its  central  position^  and 
comes  to  be  partlyt  sometimes  entirely,  pro- 
truded from  tne  surface  of  the  now  colourless 
cell  (fig.  3.'.!).  When  applied  to  the  non- 
nucleated  mammalian  corpusc^le  its  effect  merely 
hciembleji  that  of  other  dilute  acids, 

/f*rt^^The  effect  of  heat  up  to  50'— 00'  C-  (120°— 140"  F.)  Is  to  cause  the  forma- 
Uon  of  a  number  of  bud-tike  processes. 

The  OolourleBs  Oorpusclee.—In  human  blood  the  white  or 
€olourlo8B  corimaolee  or  Uucoc^tes  are  nearly  spherical  maBsee  of 
granular  protoptafirn  when  they  are  at  rest  In  aU  cases  one  or 
mor«  liuolei  exist  in  each  corpuacla  The  size  of  the  corpuscles 
varioi*  conHidorably,  but  averages  ^nAnr  ^^  ^li  "itih  (lO/x)  in  diameter. 

In  I»m1th,  the  proporfcion  of  white  to  red  corpusclcf?,  which,  taking 
an  avonLgt\  In  al^HJUt  1  to  500  or  600,  varies  cousiderably  even  in  the 
coutMo  of  tho  same  day.  The  variations  appear  to  depend  chiefly  on 
tho  amount  and  probably  also  on  tlie  kind  of  food  taken ;  the  number 
of  leucocyt^sfi  m  gouGrally  incre^ed  by  a  meal,  and  diminished  by 
fasting.  Also  in  young  poreona,  during  pregnancy,  and  after  great 
loss  of  blootl,  there  is  a  larger  proportion  of  colourless  blood-eor- 
pUBclea     In  old  ago,  on  ttie  other  hand,  their  proportion  is  diminished. 

There  are  four  principal  varieties  of  colourless  corpuscles  foiind 
in  human  blood : — 

1,  Poly-Trwrph^-nudmr  celU — These  contain  several  nuclei  united 
by  fine  tlireads  of  chromatin.  Their  protoplasm  is  filled  with  fine 
granuleSi  which  are  termed  oscyphile  on  account  of  their  afiBnity  for 
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acid  dyes  like  eoein.    These  are  the  most  importaut  leucocytes,  con- 
Btitutiiig  from  60  to  70  per  cent  of  the  fcotaL 

2.  J^osini^hiU  (jc/^.— These  are  not  so  actively  amoBboid  as  the 
first  variety.  Their  niiclens  is  simple  or  lobed.  Their  protoplasmic 
granules  are  large,  and  are  much  more  deeply  stained  hy  eosiu  than 
the  fine  granules  of  the  first  variety.  They  comprise  about  5  per 
cent  of  the  total  leucocytes. 

3.  Lymphocyim. — These  have  a  large  spherical  nucleus  and  a 
limited  amount  of  clear  protoplasm  around  it  Transitional  forms 
between  them  and  the  next  variety  are  also  foimd.  They  constitute 
from  16  to  30  per  cent  of  the  total, 

4.  Hyaline  mils. — These  differ  from  the  last  by  having  more  proto- 
plasm around  the  nucleus.  The  protoplasm  is  amceboid,  and  is  clear. 
It,  however^  stains  sHgbtly  with  methylene  blue,  and  this  is  perhaps 
due  to  the  presence  of  ilne  basophOe  granules. 

The  nuclei  of  all  these  varieties  are  basophile,  ie.,  they  have  a 
strong  aflSnity  for  basic  aniline  dyes  like  methylene  blue,  CeUs,  with 
large  basophUe  granules,  are  very  rare  in  healthy  human  blood. 

Amoeboid  Movement.  ^ — The  remarkable  property  of  the  colour- 
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lesB  cotpuacles  of  spontaneously  changing  their  shape  was  first  demon- 
strated by  Wharton  Jones  in  the  blaod  of  the  skate. 

The  full  consideration  of  amoeboid  movement  is  given  on  p.  1! 
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Au  interesting  variety  of  aincBboid  moveineiit  is  that  which  leads  to 
the  ingeatioD  of  foreign  particles.  This  gives  to  the  leucocytes  their 
power  of  taldug  in  and  digesting  bacilli  (phcLffocptosisy  The  multi- 
nncleated,  finely  granular  corpuscles  are  the  most  vigorous  phagocytes. 
Fig.  354  illustrates  this ;  the  cells  represented,  however,  are  not 
leucocytes,  but  the  large  aiaoebeid  cells  found  in  connective  tissues, 
especiaUy  in  inflamed  parts. 

The   process  of  emigratwn  of    the  leucocytes  is  descriljed   on  j 
p.  294. 

Action  of  Mddgenis  on  thu  colourkss  corpuscles.-^  Water  causes  thel 
corpuscles  to  swell  and  their  nuclei  to  become  apparent.     Amtic  add 
(1  per  cent)  has  a  similar  action ;  it  also  causes  the  granules  to  aggre- 
gate round  the  nucleus,     DUuU  alkalis  produce  swelling  and  bursting  ; 
of  the  corpuscles. 

The  Blood-FIateleta. 

Besides  the  two  principal  varieties  of  blood-corpuscles,  a  thiiil 
kind  has  been  described  under  the  name  blood-platelets  {Blui-pldicheny 
These  ai-e  coloui'Iess  disc-shaped  or  irregular  bodies,  much  smaller  than 
red  corpuscles.  Different  views  are  held  as  to  their  origin.  At  first 
they  were  regarded  as  immature  red  corpuscles ;  but  tliis  view  has  been 
discarded.  Some  state  that  they  ate  merely  a  precipitate  of  nucleo- 
protein  which  occurs  when  the  plajsma  dies  or  is  cooled.  There  is, 
however,  no  doubt  that  they  do  occur  m  living  blood,  and  have  been 
seen  to  undergo  amoeboid  movement ;  some  observers  state  that  they 
are  nucleated.  . 

Itaumerfi-tion  of  the  Biood-Oorpusclea, 

Several  itiethotls  are  employed  for  counting  the  blood-corpuscles  j  most  of  them 
dc|>end  upon  the  same  principle,  i^.,  the  dilution  of  a  minute  volume  of  blood  with 
a  given  volume  of  a  colourless  saline  solution  similar  m  specific  gravity  to  blood 
phis  ma,  so  that  the  si/e  and  shape  of  the  eoqmscles  is  altered  as  little  as  possible. 
A  minute  quantity  of  the  well-inixed  solution  is  then  taken,  exatrimed  under  the 
mieroscope,  either  in  a  flattened  capillary  tube  (Malassez)  or  in  a  cell  (Ha^^em  & 
Nachet»  towers)  of  known  capacity,  and  the  number  of  rorpuscles  in  a  measured 
length  of  the  tube,  or  in  a  givexi  area  of  tlie  celU  is  counted*  The  length  of  the  tube 
and  the  areji  of  the  cell  are  ascertained  by  meanis  of  a,  micrometer  scale  in  Uie  micro- 
scope ocular ;  or  in  the  ease  of  Gowcrs^  modification^  by  the  division  of  the  cell 
area  into  squares  of  known  size.  Having  ascertained  the  numt>er  of  corpuscles  m 
the  diluted  bloody  it  is  easy  to  calculate  the  number  in  a  given  volume  of  normal 
blood. 

Gowers'  Ha'matjftrmutpr  consists  of  a  small  pipette  (a),  which,  when  filled  up 
to  a  mark  on  its  stem,  holds  995  cubic  millimetres.  It  is  furnished  witii  an  indJa- 
rubber  tube  and  glass  mouth -pie^-e  to  facilitate  filling  and  emptying ;  a  capilkry 
tube  (u)  marked  to  hold  5  cubic  millimetres,  and  also  furnished  with  an  indi  a  rubber 
tul^  and  niouth-pLeee  ;  a  small  ^lass  jar  (n)  in  which  tlie  dilution  of  the  blood  is 
|>erformed ;  a  glass  stirrer  (e)  for  mixing  the  blood  and  salt  solution  thoroughly; 
h\  a  needle,  the  length  of  which  can  be  regulated  by  a  screw  ;  a  brass  stage  plate 
U)  carrying  a  glass  slide,  on  which  is  a  cell  one-fiftli  of  a  millimetre  deep,  and  the 
bottom  of  whiL-h  is  divided  into  one-tenth  millimetre  st|uares.  On  the  top  of  the 
cell  a  cover-sUp  rests.     A  standard  salitiis  soiuticKi  of  sodium  sulphate,  or  similar 
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AaXU  of  specific  gravity  1026^  is  made,  and  0&5  cubic  millimetres  are  measured  by 
mesns  of  the  pipette  into  the  glass  jar,  and  with  this  5  cubic  millimetres  of  bloocfn, 
obtained  by  pricking  the  finger  with  the  needle,  and  measured  in  the  capiUary 
pipette  (b)  are  Uroroug-hJy  mixed  by  the  glass  stirrin|r-rod.  A  drop  of  this  diluted 
blood  is  then  plared  in  the  cell  and  covered  with  a  cover-slip,  whit  h  is  fixed  in 
position  by  means  of  tlie  two  lateral  springs.  The  layer  of  dilnted  blood  between 
the  slide  and  cover-glass  is  one-fifth  of  a  inillimetre  thick.  The  preparation  is 
then  examined  under  a  niierost  ope  with  a  power  of  about  100  diameters,  and 
fot'ussed  until  the  hnes  dividing  the  cell  into  squares  are  visible. 

After  a  short  delay,  the  red  corpuscles  which  have  sunk  to  the  bottom  of  the 
i'^l,  and  are  renting-  on  the  square^i,  are  c^ounted  in  ten  squares,  and  the  number 
of  white  corpuscles  noted.  By  adding  together  the  numbers  coimted  in  ten  (one- 
tenth  millimetre)  squares,  and,'  as  the  bloo<l  ha-s  been  diluted,  multiplying^  by  ten 
thous&fid,  the  number  of  corpuscles  in  one  cubic  millimetre  of  blood  is  obtained. 


fl 


The  average  number  of  eorptisdes  per  cubic  mitlimetre  of  healthy  blood,  according 
to  Vicrordt  and  Welcker,  is  5,000,000  in  adult  men,  and  4,500,000  in  women ; 
this  corresponds  to  an  average  of  50  and  45  corpuscles  respectively  per  square  of 
Gowers'  instrument, 

A  ha^maeytometer  of  another  form,  and  one  that  is  much  used  at  the  present 
time,  15  known  as  the  Thoma-Zeiss  ha?macytometer.  It  <*ansists  of  a  carefully 
graduated  pipette,  in  which  the  dilution  of  the  blood  is  done ;  this  is  so  formed 
tliat  the  ca  pi  flan'  stem  has  a  capa^nty  equalling  one-hundredth  of  the  bulb  above 
it.  It  the  blood  is  drawn  up  in  the  capillary  tube  to  the  line  marked  1  (iiff,  357) 
the  saline  solution  may  afterwards  be  drawn  up  the  stem  to  the  line  101 ;  in  this 
way  we  have  101  parts,  of  which  the  blood  forms  1.  As  the  contents  of  the  stem 
can  be  displaced  unmixed  we  shall  have  in  the  mixture  the  proper  dilution.  The 
blood  and  the  saline  solution  are  well  mixed  by  shaking  the  pipette,  in  the  bulb 
of  whif'h  is  conbiined  a  sniall  glass  bead  for  the  purpose  of  aiding  the  mixing. 
The  other  part  of  the  instrument  consists  of  a  glass  slide  (fig,  .356)  upon  which  is 
mounted  a  covered  disc,  m«  accurately  ruled  so  as  to  present  one  square  milh  metre 


436 


THE   BLDOB 


[ca  XXVL 


divided  inti)  too  squares  of  one-twentietli  of  a  jnitlimetrc  each.  The  micrometer 
thus  made  is  surrounded  by  another  annular  celJ»  r,  which  ha^  such  a  height  as  to 
make  the  *!en  projet^t  exattly  one- tenth  millimetre  beyond  m.     If  a  drop  of  the 
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diluted  blood  is  placed  upon  m»  and  r  is  rovered  with  a  perfectly  Jiat  cover-glass, 

the  volume  of  the  dilutea  blood  above  each  of  tlie  squares  of  the  mk'i-ometer,  i.*,, 

above  each  ^^^g,  ml  J  be  ,,1^011  of  a  cubic  mi  Hi  metre.     An  aver- 

Fmi.  Sfi7.  ^€  of  ten  or  more  squares  is  then  taken,  and  this  number 

multipMed  by  4000   :•  100  ^ives  the  number  of  corpuscles  in  a 

t'ubic  milhmetre  of  undiluted  blood, 

Df  Get>rge  diverts  HiBmacy  to  meter  Is  a  miu'h  c^jier 
instrument  to  use,  and  the  results  obtained  are  accurate ;  it 
does  not  enable  one,  huwever*  to  ascertain  the  proportion  of 
red  and  white  corpuscles,  A  small  measured  quantity  of 
blood  is  taken  up  into  a  pipette  and  washed  out  into  a 
graduated  flattened  test-tube  with  Hayem*s  fluid  (sodiuni 
chloride  0  5  gramme,  sodiuni  sulphate  Q'25  gr.,  corrosive 
sublimate  0*25  gr*,  distilled  water  100  c.c).  The  graduations 
nf  thf  tube  are  SO  adjusted  that  with  normal  blood  (Lff.*  blood 
4  ontaining  5^000,000  red  coniuscks  j>er  cubic  millimetre)  the 
light  of  a  small  wax  candle  placed  three  yartls  from  the  eye  in 
a  dark  room,  is  just  visible  as  a  thin  bright  line  when  look^ 
at  through  the  tube  held  edgeways  between  the  fingers,  and 
filled  up  to  the  100  mark  with  Hayem*s  fluid.  If  the  number 
of  corpuscles  is  less  than  normal,  less  of  the  diluting  solution 
is  required  Iwfore  the  light  is  transmitted;  if  more  than 
normal,  more  of  the  solution  is  necessary.  The  graduations 
of  the  tul>e  correspond  to  percentages  of  the  normal  standard 
which  is  taken  as  100. 

Development  of  the  Blood-Corpuscles. 

The  firat  formed  bloud-eorpuscles  of  the  human 
L^mbryo  differ  much  iii  their  general  characters  from 
thoaa  which  telong  to  the  later  periods  of  intra- 
uterine, and  to  all  periods  of  extra-uterine,  life. 
Their  manner  of  origin  is  at  first  very  eimpla 

Surrounding  the  early  erabryo  is  a  circular  area, 
called  the  vascular  areai  in  which  the  lirst  rudi- 
ments of  the  blood-vessels  and  blood-corpusclea  are  developed.  Here 
the  nucleated  enibryonic  cells  of  the  meaoblast,  from  which  the  blood- 
vessels and  corpuscles  are  to  be  formed,  send  out  processes  in  various 
directions^  and  these,  joining  together,  form  an  irregular  meshwork. 
The  nuclei  increase  in  number,  and  collect  chiefly  in  the  larger  masses 
of  protoplasm,  but  partly  also  id  the  processes.  These  nuclei  gather 
around  them  a  certain  amount  of  the  protoplasm,  and,  becoming 
coloured,  form  the  red  biood-corpuacles.  The  protoplasm  of  the 
cells  and  their  branched  network  in  which  these  corpuscles  lie  then 
become  hollowed  out  into  a  system  of  canals  enclosing  fluid,  in  which 
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the  red  nucleated  corpuscles  float.  The  corpusclea  at  first  are  from 
aliout  ^sVir  fco  Ti'dtT  of  a^  "^ch  (10^  to  16^)  in  diameter,  mostly 
spherical,  and  with  gramilar  contents,  and  a  well-marked  nucleus. 
Their  tiuelei.  which  are  aliout  rrhru  of  an  inch  (5m)  in  diameteT,  are 
ceutral  and  circular. 


i^ 


Fin.  ^CiS.— Part  of  the  network  at  develo|;^iig  blootl-vftSMla  in  ttie  rMcnUr  Area,  or  a  sn^lueaptg.    U, 
hUnsd'CQrpfi'aEhn  btxitimln^  &iee  Ih  &ii  Hnlirgwl  &nd  iiollDWHl<ORt  part  of  this  untwt^rk  i  u,  pnxeH  of 

The  corpuscles  then  strongly  resemble  the  colourless  corpuscles 
bf  the  fully  developed  blood,  but  are  coloured.  They  are  capable  of 
amoeboid  movement  aud  multiply  by  division. 

When,  in  the  progress  of  embryonic  development,  the  liver  begins 
to  be  formed,  the  multiplication  of  blood-cells  in  tlie  whole  mass  of 
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1.  tbiK — Development  of  red  comuaclfis  in  eonuecblvi]  tLssue  Galla«  Trom  tbe  itibcutatieonA  tlisiie  of 
m  Dew-bom  nt.  hf  «  cell  con  wining  b^mogloyu  lu  a  dlWased  form  in  the  protoplasm ;  h\  oite 
ooDtalfilnj^  coloured  globulus  or  vmrylng  ■!»  and  ticod1«»;  h*^t  a  cell  Ailed  with  coloured  globnlea  i»f 
mtalj  unfform  size ;  /,  /i  dorcloping  ftit  cqUs.    (V.  A,  gcMfer.) 

blood  ceasesp  and  new  blood-cells  are  produced  by  this  organ,  and 

^also  by  the  lymphatic  glands,  thymus  and  spleen.     These  are  at  first 

olourless  and  nucleated,  but  afterwards  acquire  the  ordinary  blood- 

'tingej  and  resemble  very  much  those  of  the  first  set.    They  also 

multiply  by  division.     In  whichever  way  produced,  however;  whether 

from  the  original  formative  cells  of  the  embryo,  or  by  the  liver  and  the 


}8 


THE   BL00T3 


[CH.  XXTL 


h 


other  organs  mentioned  above,  these  coloured  nucleated  cells  begiB 
very  early  in  foetal  life  to  be  mingled  with  coloured  iww-nucleated 
corpuscles  resembling  those  of  the  adult,  and  at  about  the  fourth  or 
fifth  month  of  embryonic  existence  are  completely  replaced  by  them. 

During  foetal  life,  and  possibly 
in  some  animals,  e.g.  the  rat,  which 
are  born  in  an  immature  condition, 
for  some  little  time  after  birth,  the 
blood  discs  have  been  stated  by 
Schafer  to  arise  in  the  connective 
tissue  cells  in  the  following  way. 
Small  globules,  of  varying  size,  of 
colouring  matter  arise  in  the  pro- 
toplasm of  the  cells  (fig.  359) ;  the 
cells  themselves  become  branched, 
and  their  branches  join  the 
branches  of  similar  cella  The  cells 
next  become  vacuolated,  and  the  red 
globules  are  free  in  a  cavity  filled 
with  fluid  (fig.  360);  by  the  exten- 
sion of  the  cavity  of  the  cells  into 
their  processea  anastomosing  vessels 
are  produced,  which  ultimately 
join  with  the  previously  existing 
vessels,  and  the  globules,  now 
having  the  size  and  appearance  of 
the  ordinary  red  corpuscles,  are 
passed  into  the  general  circulation. 
This  method  of  formation  is  called 
intramliular. 

Without  doubt,  the  red  cor- 
puscles have,  like  all  other  parte 
of  the  organism,  a  tolerably  definite  term  of  existence,  and  in  a  like 
manner  die  and  waste  away  when  the  portion  of  work  allotted  to 
them  has  been  performed.  Neither  the  length  of  their  life,  however, 
nor  the  fashion  of  their  decay,  has  been  yet  wholly  made  out.     A 

Fto.  MU— Oolound  nadc^ted  oonmaelCT,  from  the  red  mmjrpw  of  the  anlnrt-plg* 
(K.  A,  ftehifcr.) 

certain  numljer  of  the  coloured  corpuscles  undergo  disintegration  in 
the  liver  and  spleen ;  corpuscles  in  various  degrees  of  degeneration 
have  been  observed  in  botli  these  organs. 
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Pio,  380,— Fiartbor  anveUipmwti  of  blood-wr- 
DUicles  l£i  cQtitiecEtir6  tiiiitiii  cella  and  tmii3< 
ibraiatloii  or  tbA  ktt4)r  into  capllUry 
tdoixl'V^fiLselg.  a,  tin  ulung&t«ii  cell  with  a 
cjivtty  In  thu  protoplJiBai  occuplcKl  by  niifd 
and  by  blcx»d-corpuscles  wbich  un  ntUl 
globuUr;  K  *•  IidUow  cell,  iha  uu<!leua  of 
«rlilch  hoA  luultiplitHl,  Tlie  u«w  uuHclel  an 
arrmaged  around  tb^  wull  of  tbe  cavity,  tbe 
GorpiUtcliBB  m  which  h%^ii  tiow  become  dis- 
mld ;  e,  sbowii  the  muile  of  uuloti  or  a 
'*  h«mftpobtJc '"  cell,  whlrh,  1u  thU  ins  timce, 
<!(mtaliia  only  one  corpii«cle,  with  tbe  pro- 
longatton  {hi}  of  a  pruvloualy  ei^lfltiiu;  vesMii . 
a  and  c,  from  ifn^  n^w-bom  rat :  h,  liom  th« 
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This  being  so,  it  is  necessary  that  the  red  corpuscles  should  be 
constantly  replenished  throughout  life.  But  after  the  early  fcetal 
stage  is  passed,  they  originate,  not  from  connective  tissues  in  general, 
but  in  one  special  form  of  connective  ti.Hsue,  namely,  the  red  marrow 
of  bones.  It  is  possible  that  iu  some  animals  the  spleen,  which 
contains  cells  very  similar  to  those  of  the  marrow,  may  participate 
in  their  formation.  In  the  red  marrow,  they  arise  from  immature 
nucleated  cells  {narmohlasts  or  erythrohlaMtsji  the  nucleus  is  not 
disciiarged,  but  is  absorbed  within  the  cell,  and  this  is  the  explana- 
tion that  some  observers  give  of  the  biconcave  form  of  the  red  disc* 
Sometimes  immature  nucleated  red  cells  may  make  their  way  from 
the  marrow  into  the  circulation ;  and  the  free  nuclei  of  these  cells 
are  sometimes  fouud  in  the  blood;  tliey  never,  when  once  they  have 
entered  the  blood,  develop  into  discs,  and  are  filtered  out  of  the 
blood  by  the  spleen. 

Origin  of  tiie  White  Corpuscles. — ^The  lymphocytes  are  formed 
in  the  lymphoid  tissue  of  the  lympliatie  glands,  tonsils,  and  other 
parts  where  this  tissue  is  present  They  enter  the  blood  stream  by 
the  thoracic  duct,  and  grow  larger,  the  proportion  of  protoplasm  to 
nucleus  increasing  as  they  become  mature. 

The  hyaline  leucocyte  m,  according  to  some,  a  variety  of  mature 
lymphocyte;  according  to  others,  it,  like  all  the  rest  of  the  leucocytes, 
originates  from  immature  forms  in  the  red  marrow,  which  are  called 
myelocytes.  The  leucocytes  proper,  as  distinguished  from  the 
lymphocytes,  do  not  grow  larger  in  the  blood  stream,  but  rather 
have  a  tendency  to  shrink  in  size  with  age. 

If  immature  myelocytes  escape  from  the  marrow  into  the  circu- 
lating blood,  they  undergo  no  furlher  development  there,  an<l  like 
the  immature  nucleated  red  corpuscles,  are  filtered  off  by  the  spleen. 
This,  ijf  course,  is  a  pathological  condition,  and  leads  to  the  swelling 
of  the  spleen,  which  is  such  a  marked  feature  in  the  disease  known 
a8  splenic  leukaemia. 

Chemistry  of  the  Blood-Corpmscles. 

The  white  blood-corpugcles. — Our  chemical  knowledge  of  the 
white  corpuscles  is  small.  Their  nucleus  consists  of  nuclein,  their 
cell  protoplasm  yields  proteins  belonging  to  the  globulin  ami  nucleo- 
protein  groups.  The  nucleo-protein  is  the  zymogen  of  thrombin 
(see  p<  426).  The  protoplasm  of  these  cells  often  contains  small 
quantities  of  fat  and  glycogen. 

The  red  blood-corpuHcles. — 1000  parts  of  red  corpuscles  con- 
tain : — ^ 

Water *         ♦         ,     fiSS       parts, 

c-ijjc  (Organic 303-88     „ 

^^^'^'^^  Unorganic ,        8"12      „ 


One  hundred  parte  of  the  dry  organic  matter  con  lam — 

Protein -        *        .  &  to  12  potts. 

Hii:*moglt>bin         ,        .        ^        *        -        *        •        *  S6  to  94     „ 

Lecithm         ..,«*.#-•  l*S    « 

Chdesterin O'l    „ 

The  protein  present  appears  to  be  identical  with  thenucleo^pretein 
of  white  corpuacles.  The  mineral  matter  consiatB  chiefij  of  cMoridea 
of  potassium  and  sodium,  and  phosphates  of  calcium  and  magneaitun. 
In  man  potasaium  chloride  is  more  abundant  than  sodium  chloride; 
this,  however,  does  not  liold  good  for  all  animals. 

Hiemoglabln  and  OxyhaBmoglobin* — The  pigment  is  by  far 
the  most  abundant  and  important  of  the  constituents  of  the  red 
corpusclea  It  is  a  conjugated  protein,  a  compound  of  protein  with 
the  iron-containing  pigment  called  haematin. 

It  exists  in  the  blood  in  two  conditiona :  in  arterial  blood  it  is 
combined  loosely  with  oxygen,  is  of  a  bright  red  colour,  and  is  called 

oxyhflemoglobin ;   the  other  con- 

^.r<vy  v'  dition  is  the  deoxygenated  or  re- 

t  isfc^^^^^^^^  duced  basmoglobin  (better  caUed 

(B  ^y^^^^KS^^  simply   haemoglobin).      This   is 

^^^  ^^M09^9ri        found  in  the  blood  after  asphyxia. 

.^^     g   ^r^^^m^^l       It  also  occurs  in  all  venous  blood 

^"W^  m  J^'-p^f'^^^^      — that  is,  blood  which  is  return- 

,  ^B  C     ^^^^F     ^^^1      ^^S  ^^  ^^^  heart  after  it  has  sup- 

■  JL      ^^9^  ^ta^H      P^i^   the   tissues  with   oxygen. 

Venous  blood,  however,  always 
yff/V^^^^"^  ^tt  wmW^       contains  a  considerable  quantity 

of  oxyhemoglobin  also.  Hemo- 
globin is  the  oxygen-carrier  of 
the  body,  and  it  may  be  called  a 
respiratory  pigment* 

ttm^  humftii  bt^wi,  may  be  obtained  with  readmess 

from  the  blood  of  such  animals 
as  the  rafc,  gninea-pig,  or  dt^;;  with  difficulty  from  other  animals, 
such  aa  man,  ai>e,  and  most  of  the  common  mammals.  The  follow- 
ing methods  are  the  best : — 

1.  Mix  a  drop  of  defihrinated  blood  of  the  rat  on  a  slide  with  a 
drop  of  water ;  put  on  a  cover-glass ;  in  a  few  minutes  the  corpuscles 

*  In  the  blood  of  invertebrate  anifnals  hseinoglobin  Is  sometimes  foUDd,  but 
tiftUnUy  in  the  fiksma,  not  in  specml  corpuades*  Sometimes  it  is  replaced  bj  other 
respiratory  pigments,  sut-h  as  the  green  one,  chlorfxrmorin,  found  in  certain  wonns, 
vk\\^  the  blue  one,  hf^mocyaotn,  found  in  many  molluscs  and  Crustacea.  Chloro^ 
4!rijorin  contains  iron  ;  ha^mocyanin  contains  copper. 

I  Crystals  of  haemoglobin  can  also  be  obtained  by  carrying  out  tJie  crystal- 
Ujiiition  ill  an  atmosphere  free  from  oxygen. 
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are  rendered  coloiirlesa,  and  then  the  oxjhsemoglobin  crystallises  out 
from  the  solution  so  formed 

2.  Microscopical  specimenB  may  also  be  made  by  Stein's  method, 
which  consists  in  using  Canada  balsam  instead  of  water  in  the  fore- 
going experiment. 

3.  On  a  larger  scale,  crystals  may  be  obtained  by  mixing  the 
blood  with  one-sixteenth  of  its  volume  of  ether;  the  corpuscles  dis- 
solve, and  tlie  blood  assumes  a  laky  appearance.  After  a  period  vary- 
ing from  a  few  minutes  to  days,  abundant  crystals  are  deposited. 

In  nearly  all  animals  the  crystals  are  rhombic  prisms  (fig,  362) ; 
but  in  the  gninea-pig  they  are  rhombic  tatrahedra,  or  four-sided 
pyramids  (fig.  363);  in  the  squirrel  and  hamster,  hexagonal  plates 
(fig,  364). 

The  crj'stals  contain  a  varying  amount  of  water  of  crystallisation  ; 


\i 


^►^tt: 


Trom  blocHi  of  tlie  E)iln«&*ptg< 


iHmi  blood  of  ^nuirrai.    (After  Funk*.) 


this  probably  explains  their  different  crystalline  form  and  sohibiUties. 
Several  observers  have  analysed  hiemoglobin.  They  find  carbon » 
hydrogen,  nitrogen,  oxygen,  sulphur,  and  iron.  The  percentage  of 
iron  is  0"4.  On  adding  an  acid  or  alkali  to  haemoglobin,  it  is  broken 
up  into  two  parts — a  brown  pigment  called  hamtatin^  which  contains 
all  the  iron  of  the  original  substance,  and  a  protein  called  gloUn. 

Hsematln  is  not  crystallisable ;  it  has  the  formida  C32H34jN^Fe03 

(Neucki  and    Sieber) ;  its  constitutional   formula   is,  howe%^er,  not 

known.     HLt^niatin  presents  different  spectroscopic  appearances  in 

raeid  and  alkaline  solutions  (see  accompanying  plate).     On  docomposi- 

ion  it  yields  p}Trol  derivatives, 

Globin  is  coagidable  by  heat,  soluble  in  dilute  acids,  and  pre- 
cipi table  from  such  solutions  by  ammonia.     It  belongs  U\  the  class  of 
roteins  caUe<l  histones  (see  p.  409), 
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HEBmochromogen  is  sometimes  caUed  retlucetl  haematin  ;  it  may 
be  formed  by  adding  a  reducing  agent  auch  as  ammonium  sulphide  to 
au  alkaline  solution  of  htTUmtin.  Its  absorption  spectrum,  bIiowd  on 
the  accompanying  plate  (No.  8),  forms  the  best  Bpectroscopic  test  for 
blood  pigment;  the  suspected  pigment  is  dissolved  in  potash^  and 
ammonium  sulphide  added  Very  dilute  specimens  show  the  absorp- 
tion bands,  especially  the  one  midway  between  D  and  E. 

Heemin  is  of  great  importance,  as  the  obtaining  of  this  substance 
forma  the  best  chemical  teat  for  blood.  Hremin  crystals  may  be  pre- 
pared for  microscopical  examination  by  boiling  a  fragment  of  dried 
blood  with  a  drop  of  glacial  acetic  acid  on  a  slide ;  on  cooling,  triclinie 
plates  and  prisms  of  a  dark  brown  colour,  often  in  star-shaped 
clusters  and  with  rounded  angles  (fig,  365),  sei>arate  out.  In  the 
case  of  an  old  bhiod  stain  it  is  necessary  to  add  a  crystal  of  sodium 
chloride.     Fresh  blood  contains  sufficient  sodium  chloride  in  itself. 


Fio.  9tW,— H*mljv  flryatfcli*    (Pray*) 


The  action  of  the  acetic  acid  is  (1)  to  split  the  haemoglobin  into 
hmmatin  and  globin ;  and  (2)  to  evolve  hydrocldorie  acid  from  the 
sodium  cidoride,  Haemin  is  usually  stated  to  be  a  combination  of 
hsematin  with  hydrochloric  acid.  Heemin  may  l>e  prepared  in  other 
ways,  but  if  preparai  with  the  use  of  acetic  acid,  Nencki  and  Zaleski 
have  shown  that  it  also  contains  an  acetyl  group,  and  ascribe  to  it  the 
empirical  formula,  Gj|4Hg30^N4ClFe,  The  chlorine  and  acetyl  are  both 
attached  to  the  iron  atom. 

Haematoporphyrin  is  iron-free  hmmatin ;  it  may  be  prepared  by 
mixing  blood  with  strong  sulphuric  acid ;  the  iron  is  taken  out  as 
ferrous  sulphate.  It  is  also  found  sometimes  in  nature ;  it  occurs  in 
certain  invertebrate  pigments,  and  may  also  be  found  in  certain  forms 
of  pathological  urine.  Even  normal  urine  contains  traces  of  it.  It 
presents  different  spectroscopic  appearances  according  as  it  is  dis- 
solved in  acid  or  alkaline  media.  The  absorption  spectrum  figured 
(No.  9)  is  that  of  acid  hsematoporphyrin. 

If  oxyhemoglobin  is  treated  with  dilute  acids  the  result  m  a  forfnation  of 
hfenmtin  and  globin,  but  if  stroDfj  sulphuric  acid  is  employed  the  Iran  Is  removed 
frottt  the  ha&tnatin  and  so  h^matoporphyrin  iii  obtained.     The  stability  of  the  iron 
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in  the  molecule  is  due  to  the  presence  of  oxygen «  for  wiih  the  reduced  pigmcRt, 
h^raatopcuTjhjTin  is  obtfiined  even  when  dilute  adds  are  employed.  Pure  Kaemato- 
porphyrin  can  once  more  be  converted  into  h;r matin  (that  is,  the  iron  can  be  replaced) 
Dy  warmmg  a  solution  in  dilute  ammonia  and  adding  a  little  Stokes'  fluid,  and  a  few 
drops  of  *i  reducing  fi^ent  like  hj^drazine  hydrate.  If  cupnimmonium  solution  is 
used  instead  of  Stokes'  Huid  in  this  experiment,  a  copper  compound  of  h^mato* 
potphyrin  is  obtained,  which  is  identical  with  tuntciat  the  bright  red  copper  containing 
pigment  found  in  the  plumage  of  the  plantain^eating  birds.    (Laidbw. ) 

Htemopyrrot  is  a  substance  obtained  by  reduction  from  hfeniatoporphyrin.      U 
I      is  methyl-propyl  pyrrol  ^  and  its  formula  is :— 

I         Thei 

(iuhstAni 


CH^ 


There  Ss  a  near  relationship  between  hsemoi^lobin  and  chlorophyll,  for  the  ^me 

substance  is  obtained  from  phylloporphyrin»  a  derivative  of  chlorophylL 


HeBmatoidizi. — Tliia  substanee  is  fouad  in  the  form  of  yellowish- 
red  crystals  (fig.  366)  in  old  l>lood  extravasations,  and  is  derived  from 
the  hemoglobin.  Its  crysta-lline  form  and  the  reaction  it  gives  with 
fuming  nitric  acid  shows  it  to  be  closely  allied  to  bUirtcbin,  the  chief 
colouring  matter  of  the  bile,  and  on  analysis  it  is  found  to  be  identical 
with  it 

Like  hEematoporphjrrin,  hsBmatoidin  is  free  from  iron.     These  two 

r'  stances  are  not  identical  {e.g.t  hsematoidin  shows  no  spectroscopic 
ds) ;  they  are  probably  isomeric. 


Compounds  of  Haemoglobiii, 

Haemoglobin  forma  at  least  four  compounds  with  gases ; — 


With  oxygen 

With  carbonic  oxide 


(I.  Oxyhsemoglobic, 

\2.  Methi^emoglobio. 
*3.  Carbonic  oxide  haemo 


lOffiobin, 

With  citric  oxide       *        ,        ,        .4.  Nitric  oxide  hemoglobin. 

These  compounds  have  similar  crystalline  forms;  they  each 
probably  consist  of  a  molecule  of  haemoglobin  combined  with  one  of 
the  gas  in  question.  They  part  with  the  combined  gas  somewhat 
readily ;  they  are  arranged  in  order  of  stability  in  the  above  list,  the 
least  stable  first 

Oxyhtemoglobin  is  the  compound  that  exists  in  arterial  blood. 
Many  of  its  properties  have  been  already  mentioned.  The  oxygen 
linked  to  the  haemoglobin,  which  is  removed  by  the  tissues  through 
which  the  blood  circulates,  may  be  called  the  re^iratorif  i^gtn  of 
hsamoglobin.  The  procesBes  that  occur  in  the  lungs  and  tissues, 
resulting  in  the  oxygenation  and  de-oxygenation  respectively  of  the 
hfiempglobin,  may  be  imitated  outside  the  body,  using  either  blood  or 
pure  solutions  of  hseraoglobin.  The  respiratory  oxygen  can  be 
ronjoved,  for  example,  in  the  Torricellian  vacuum  of  a  mercurial  air- 
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pump,  or  by  passing  a  neutral  gas  such  as  hydrogen  through  the  blood, 
or  by  the  use  of  reducing  agents  such  as  ammonium  sulphide  and 
Stokes'  reagent^  One  gramme  of  haemoglobin  will  combine  with 
1'34  c.c.  of  oxygen. 

If  any  of  these  methods  for  reducing  oxyhtemoglobin  is  used,  the 
bright  red  (arterial)  colour  of  oxyhsemoglobin  changes  to  the  purplish 
(venous)  tint  of  haemoglobin.  On  once  more  allowing  oxygen  to 
come  into  contact  with  the  haemoglobin,  as  by  shaking  the  solution 
with  the  air,  the  bright  arterial  colour  returns. 

These  colour-changes  may  be  more  accurately  studied  with  the 
spectroscope,  and  the  constant  position  of  the  absorption  bands  seen 
constitutes  an  important  teat  for  blood  pigment  It  will  be  first 
necessary  to  describe  briefly  the  instrument  used. 

Tlie  Spectroscope. — When  a  ray  of  white  Light  is  passed  through 
a  prism,  it  is  refracted  or  bent  at  each  surface  of  the  prism;  the 
whole  ray  is,  however,  not  equally  bent,  but  it  is  split  into  ita 
constituent  colours,  which  may  be  allowed  to  fall  on  a*  screen.  The 
band  of  colours  beginning  with  the  red,  passing  through  orange, 
yellow,  green,  blue,  and  ending  with  violet,  is  called  a  spmtrum :  this 
ia  aeen  in  nature  in  the  rainbow.  It  may  be  obtained  artificially  by 
the  glass  prism  or  prisms  of  a  Bpectroscope.  h 

The  spectrum  of  sunlight  is  interrupted  by  numerous  dark  lines^ 
crossing  it  vertically,  called  Frauenhofer's  lines.  These  are  perfectly 
constant  in  position  and  serve  as  landmarks  in  the  spectrum.  The 
moro  prominent  are  A,  B,  and  C,  in  the  red ;  D,  in  the  yellow ;  E,  6, 
and  F,  in  tho  green ;  G  and  H,  in  the  violet  These  lines  are  due  to 
certain  volatile  substances  in  the  solar  atmosphere*  If  the  light 
from  burning  sodium  or  its  compounds  is  examined  spectroscopicaJly, 
it  will  be  found  to  give  a  bright  yellow  hue,  or^  rather,  two  bright 
yellow  lines  very  close  together.  Potassium  gives  two  bright  red 
lines  and  one  violet  line ;  and  the  other  elements,  when  incandescent, 
give  eharaeteristic  lines,  but  none  so  simple  as  sodium.  If  now  the 
flame  of  a  lamp  is  examined,  it  will  be  found  to  give  a  continuous 
spectrum  Like  that  of  simhght  in  the  arrangement  of  its  colours,  but 
unlike  it  in  the  absence  of  dark  hues ;  but  if  the  light  from  the  lamp 
is  made  to  pass  through  sodium  vapour  before  it  reaches  the  spectro- 
scope, the  bright  yellow  Hght  will  be  found  absent,  and  in  its  place  a 
dark  line,  or,  rather,  tw^o  dark  lines  very  close  together,  occupying 
the  same  position  as  the  two  bright  lines  of  the  sodium  spectrum* 
The  sodium  vapour  thus  absorbs  the  same  rays  as  those  which  it  itself 
produces  at  a  higher  temperature.  Thus  the  D  line,  as  we  term  it  in 
the  solar  spectrum^  is  due  to  the  presence  of  sodium  vapour  in  the 

•  Stokes*  reagent  must  always  be  freshly  prepared  ;  it  is  a  solution  of  ferroui 
sulphate  to  which  a  httle  tartaric  acid  has  been  aadedt  and  then  ammonia  tiU  the 
reaction  is  alkaline. 


Bolar  atmofipberB.     The  other  dark  Unes  are  similarly  accounted  fc 
by  other  elements. 

The  large  form  of  spectroscope  (fig,  367)  consists  of  a  tub©  A 
called  the  collimator,  with  a  slit  at  the  end  S,  and  a  convex  lens  at 
the  end  L     The  latter  makea  the  rays  of  hght  passing  through  the 
slit  from  the  source  of  light,  parallel :  they  fall  on  the  prism  P,  and 
then  the  spectrum  so  formed  is  focussed  by  the  telescope  T. 

A  third  tube,  not  shown  in  the  figure,  carries  a  small  transparent 
scale  of  wave-lengths,  as  in  accurate  observations  the  position  of  any 
point  in  the  spectrum  Is  given  in  the  terms  of  the  corresponding 
wave-lengths. 

If  we  now  interpose  between  the  source  of  light  and  the  slit  S  a 
piece  of  coloured  glass  (H  in  fig.  367),  or  a  solution  of  a  coloured 
subfltance  contained  in  a  vessel  with  parallel  sides  (the  haematoscope 
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Pto*  1S7.— niAgrara  of  SpectTOecopfl. 


of  Herrmann),  the  spectrum  is  found  to  be  no  longer  continuous,  but 
is  interrupted  by  a  number  of  dark  shadows,  or  ahorpti4>ft  barids 
corresponding  to  the  light  absorbed  by  the  coloured  medium.  Thus  a 
solution  of  oxyhsemoglobin  of  a  certain  strength  gives  two  bands 
between  the  D  and  E  lines ;  hfemoglobin  gives  only  one ;  and  other 
red  solutions,  though  to  the  naked  eye  similar  to  oxyhsEmoglobin,  will 
give  characteristic  bands  in  other  positions. 

A  convenient  form  of  small  spectroscope  is  the  direct  vision 
qjcctroscope,  in  wliich,  by  an  arrangement  of  alternating  prisms  of 
crown  and  flijit  glass,  the  spectrum  is  oI:iserved  by  the  eye  in  the 
same  line  as  the  tube  furnished  with  the  slit— indeed,  slit  and  prisms 
ars  both  contained  in  the  same  tuba 

In  the  examination  of  the  spectnmi  of  small  coloured  objects  a 
combination  of  the  microscope  and  dir^t  vision  spectroscope,  called  the 
micro-sp^troscape,  is  used. 

The  next  figure  illustrates  a  method  of  representing  absorption 
spectra  diagrammatically.     The  solution  was  examined  in  a  layer  1 
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centimetre  thick.  The  base  line  has  on  it  at  the  proper  diatances 
the  chief  Fraueiihofer  lines,  and  along  the  right-hand  edges  are 
percentages  of  tlie  amount  of  oxyhsemoglobin  present  in  I,  of 
haemoglobin  in  IL  Tlie  width  of  the  shadings  at  each  level  repre- 
sents the  position  and  amount  of  absorption  corresponding  to  the 
percentages. 

TiiB  characteristic  speotrum  of  oxyhamoglobin,  as  it  actually 
appears  through  the  spectroscope,  is  seen  in  the  accompanying 
coloured  plate  (spectrum  2),  There  are  two  distinct  absorption 
hands  between  the  D  and  E  lines;  the  one  nearest  to  D  (the  a 
band)  is  narrower,  darker,  and  has  better-defined  edges  than  the 
other  (the  ^  band).     As  will  be  seen  on  looking  at  fig.  368,  a  solution 
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Pia>  84S.— -Orftplilc  rcprotentatloiis  of  the  amoujit  of  a.bflCi7>tloii  of  light  by  ttolutjon  of  (t)  oxytnemo* 
globlii,  (It)  of  buKDioglobln,  of  dlfthreot  Btrengtha.  Tha  Ah&dlD[^  IndlciitAi  ihe  mtuount  O'f  absarption 
of  Uie  ipectrum ;  the  fieurev  utt  the  light  l>onlor  oiprou  porc^^btagea.    (Llolktit«) 


of  oxyhiEmoglobin  of  concentration  greater  than  0'65  per  cent,  and 
less  than  0*85  per  cent,  (examined  in  a  cell  of  the  usual  thickness  of 
1  centimetre)  gives  one  thick  band  overlapping  both  B  and  E,  and  a 
stronger  solution  only  lets  the  red  light  through  between  C  and  D. 
A  solution  which  gives  the  two  characteristic  bands  must  therefore  be 
a  dilute  one.  The  one  band  {y  band)  of  h£emoglobin  (spectrum  3)  is 
not  so  well  defined  as  the  a  or  0  bands.  On  dilution  it  fades  rapidly  ; 
so  that  in  a  solution  of  such  strength  that  both  bands  of  oxjbEemoglobin 
would  be  quite  distinct,  the  single  band  of  haemoglobin  has  disappeared 
from  view.  The  oxyhamoglobin  bands  can  be  distinguished  in  a 
solution  which  contains  only  one  part  of  the  pigment  to  1 0,000  of 
water,  and  even  in  mote  dilute  solutions  which  seem  to  be  colouriesa 
the  a  band  is  still  visible. 

Haemoglobin  and  its  compounds  also  show  absorption  bands  in 
the  ultra-violet  portion  of  the  spoctrum.    This  portion  of  the  spectrum 
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is  not  visible  to  the  eye,  but  can  be  rendered  visible  by  allowing  th^f 
spectrum  to  fall  on  a  fluorescent  screen,  or  on  a  sensitive  photographic 

^     NK  L    M 


Fiej.  »*}!>.— Till*  phntogroiihlc  ^pcctnini  ut  hiEMuoglubld  and  oxyhieinogJoblti.    (Gamgee.) 

pkta     In  order  to  show  absorption  bands  in  this  part  of  the  spectrui 
very  dilute  solutions  of  the  pigment  muBt  be  used. 

Oxyboemoglobin  shows  a  band  (Soret's  band)  between  the  linea  (fl 
and  H.     In  hsemoglobin,  carbonic  oxide  hsemoglobin,  and  nitric  oxide 


Fin.  a70.— The  pLotosmphic  siM?ctnim  of  ojiyhjetnoglobUi  md  methieiiioglQbilnH.    (QAEOgBe,) 

hflemoglobin,  this  band   is  rather   nearer  G,     Methasmoglobin   and 
haematoporphjTin  show  similar  bands. 

We  owe  moat  of  our  knowledge  of  the  "  photographic  siJectrum  '*J 
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to  Prof,  Oamgae,  through  whose  kiodnegs  I  am  enabled  to  pre- 
ient  reproductions  of  two  of  his  numerous  photographs  (figs.  369 
and  370). 

Metheemoglobin.— This  may  be  produced  artLficially  in  various 
ways,  as  by  adding  potassium  ferricyanide  or  amyl  nitrite  to  blood, 
and  aa  it  also  may  occur  in  certain  diseased  conditions  in  the  urine, 
it  is  of  considerable  practical  importance.  It  can  be  crystallised,  and 
is  found  to  contain  the  same  amoimt  of  oxygeu  as  oxyhaemoglobin, 
only  combined  in  a  different  way.  The  oxygen  is  not  removable  by 
the  air-pump,  nor  by  a  stream  of  neutral  gas  like  hydrogen.  It  caD, 
however,  by  reducing  agents  like  ammonium  sulphide,  be  made  to 
yield  hemoglobin.  Methaemoglobiu  is  of  a  brownish-red  colour,  and 
gives  a  eliaracteristic  absorption  band  in  the  red  between  the  C  and 
D  lines  (spectrum  7  in  coloiu*ed  plate).  In  dilute  solutions  other 
bands  can  be  seen. 

Patassiuru  femt'yiuiide  i^  the  most  coDveiiieiit  reagent  for  iiuikin^  methflpmo- 
globin*  It  IS,  however^  necessary  to  mention  that  it  produces  anotht-r  effect  tts 
weU,  namely,  it  causes  an  evolution  of  gas,  if  the  blood  has  been  previously  iaked. 
This  gaa  is  oxygen  ;  in  faet,  all  the  oxygen  combined  as  oxyhseinogkibiii  is  dis- 
charged, and  this  may  be  collected  and  measured  as  id  the  method  described  on 
Pt  386.  This  discharge  of  ojtygen  from  oxyhaenioi^labin  is  at  first  si^ht  puzzUng, 
beca^use,  as  just  stated;  mctheenioelobLn  contains  (he  same  amount  of  oxygen  that 
IE  present  itk  oxy haemoglobin.  What  ot^curs  is  that  after  the  oxygen  is  diselmrged 
from  oxy haemoglobin*  an  cquid  fiuantity  of  oxygen*  due  to  the  oxidising  action  of 
the  reagents  added,  takes  its  plaGe"  this  new  oxygen,  however,  is  combined  In 
some  way  different  from  that  which  was  previously  united  to  the  hsemoglobin. 
(Haldane.) 

Oarbonle  ox:id6  hsBtnogrlolbin  may  be  readily  prepared  by  paBsmg 
a  stream  of  carbonic  oxide  or  coal  gas  through  blood  or  through  a 
solution  of  oxyhsemoglobiu.  It  has  a  peculiar  cherry -red  colour.  Its 
absorption  spectruni  is  very  like  that  of  oxyheemoglobiu,  but  the  two 
bands  bxb  slightly  nearer  the  violet  end  of  the  spectnini  (spectrum  4 
in  coloured  plate),  Eeducing  agents,  such  as  ammonium  sulphide,  do 
not  change  it ;  the  gas  is  more  firmly  combined  than  the  oxygen  in 
hsemoglobin,  CO-liBemoglobin  forms  crystals  like  those  of  oxyhaemo- 
globin.     It  resists  putrefaction  for  a  very  long  time. 

Carbonic  oxide  is  given  off  during  the  imperfect  combustion  of 
carbon  such  as  occurs  in  charcoal  stoves  or  during  the  explosions  that 
occur  in  coal-mines ;  it  acts  as  a  powerful  poison^  by  combining  with 
the  hsemoglobin  of  the  blood,  and  thus  interferes  with  normal  respira- 
tory processes-  The  bright  colour  of  the  blood  in  both  arteries  and 
veins,  and  its  resistance  to  reducing-agents,  are  in  such  cases 
characteristic* 

Nitric  Oxide  HesmoglobliL — When  ammonia  is  added  to  blood, 
and  then  a  stream  of  nitric  oxide  passed  through  it,  this  compound 
ia  formed.  It  may  be  obtained  in  crystals  isomorphous  with  oxy- 
and  CO-haemoglobin.     It  also  has  a  similar  spectrum.     It  is  even 
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lore  stable  than  CO-hsemoglobm  ;  it  has  no  practical  interest,  but  ia 
of  theoretical  importance  as  completing  lUe  series. 

Bstlmaitlon  of  Hfiemoglobln. — The  most  exact  method  is  by  the  esliinatjon  of 
the  amount  of  itoi>  (dry  heemoglobin  c  ontamirig  *42  per  cent  of  iron)  In  the  ash  of  ii 
given  specimen  of  blood,  but  as  this  is  a  some whii.t  complieated  process,  various 
eolorimetrlc  methods  have  been  proposed  which »  though  not  so  exact,  have  the 
advantajBre  of  simplicity, 

Otiwars'  Hs&moglobLnom©t©r.--The  apparatus  (fi^*  371 J  consists  of  two  ^hss 
tubes  of  the  same  size.  One  contains  glycerin  jelly  tinted  with  carmine  to  a 
standard  colour— viz*,  that  of  normal  blood  diluted  100  times  with  distilled  water* 
The  hngef  is  pricked  and  20  cubic  millimetres  of  blood  arc  measured  out  by  the 
eapUlary  pipette,  B.  Thii  U  blown  out  into  the  other  tube  and  diluted  with  distilled 
water,  added  drop  by  drop  from  the  pipette  stopper  of  the  bottle,  A,  until  the  tint 
of  the  diluted  blood  rea^^hes  the  standard  colour.  This  tube  is  graduated  into  100 
puts.    If  the  tint  of  the  diluted  blood  is  the  same  as  the  standard  when  the  tube  is 


l*io,  37L— HaMDOglobfnoEneter  of  Di  Ooi»«r4. 


filled  Up  to  the  graduation  100,  the  quantity  of  oxyhffimoglobin  in  the  blood  Is 
nonnaL  If  it  has  to  be  diluted  more  largely,  the  oxvhsemoglobin  is  in  excess ;  if  to 
m  smaller  extent,  it  is  less  than  normal.  If  the  blood  has,  for  instance,  to  be  diluted 
up  to  the  graduation  50,  the  amoimt  of  haemoglobin  is  only  half  what  it  ought  to 
be— 50  per  cent,  of  the  normal—  and  so  for  other  percentages, 

H&ldaiie'B  Modification  of  G-o^rers'  Instrumont  ifi  the  one  most  frequently 
used  now,  and  gives  very  accurate  results.  Instead  of  tinted  gelatin  *  the  slajidard 
of  comparison  is  a  sealed  tube  HUed  with  a  solution  of  carl>onic  oxide  haemoglobin. 
This  kee|js  unrhanged  for  years.  A  stream  of  coiil  gas  is  passed  through  the  blood 
to  l>e  examined.  This  converts  all  the  haemoglobin  present  into  carbonic  oxide 
haemoglobin  ;  this  is  then  diluted  with  water  to  match  the  standard. 

Von  FleiaoM's  Hesinotneter, — The  apparatus  (fig.  372)  consists  of  a  stand 
bearing  a  white  reflecting  surface  (S)  and  a  platform.  Under  the  platform  is  a  slot 
carrying  a  glass  wedge  stained  red  (K)  and  moved  by  a  wheel  (R),  On  the  platform 
is  a  small  cylindrical  vessel  divided  vertically  into  two  compartments^  a  ano  a'. 

Fill  with  a  pipette  the  compartment  n  over  the  wettgc  with  distilled  water. 
Fill  about  a  quarter  of  the  other  compartment  (ti)  with  distilled  water. 

Prick  the  finger  and  fill  the  short  capillary  pipette  provided  >vith  the  instriH 
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mrot  with  btood.    Disscrke  this  in  the  ir&iter  m  cofnp«rtmeiit  a,  &Dd  fill  It  up  with 
dislklkd  water. 

Haviiig  amuii^ed  the  rcrftcL-tor  {S}  to  throw  ariifi^int  Light  vertk&Qy  tbroti^b 
both  compartments,  look  down  thfough  them,  and  move  the  wedge  of  gta^s  by  th^ 
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mtUad  bead  (T)  untU  the  colour  of  the  two  is  identical    Hesd  of  the  scaJe,  which  i 
io  consbticted  as  to  give  the  percentage  of  hBemoglobio. 

Dr  George   Olltrer's  Method  consists   io  <!ompar!ng  a  spc-citrien   of  btoodi 
suitably  diluted  m  a  shallmv  white  palette  with  a  number  of  standard  tests  Ycryf 
carefully  prepared  by  I  he  use  of  I  ^vi  bond's  coloured  glasses.     These  standards  are 
mufh  l>etter  matches  for  blood  in  various  decrees  of  dilution  than  in  most  polon- 
metrit'   mt^thods.     The   yellow    tint  of   dQuted   hEemoglobin   is   very  successfully 
imitated. 

Te8ts  for  Blood. -«Theae  may  Im  gathered  from  preceding  descrip-' 
tiona.  Biiofly,  they  are  niicroscopic,  spectroscopic,  and  chemicaL 
The  best  chemical  teat  is  the  formation  of  haamin  crystals.  The  eld 
test  with  tin ot lire  of  guaiacum  and  hydrogen  peroxide,  the  blcMxl 
causing  the  red  tincture  to  become  green,  is  very  untrustworthy 
(unless  performed  with  somewhat  elaborate  precautions),  as  it  is  alsoi 
given  by  many  other  organic  siibstances. 

In  medico-legal  cases  it  is  often  necessary  t<3  ascertain  whether  or ' 
not  a  red  fluid  or  stain  upon  clothing  is  or  is  not  blood  In  any  such 
case  it  is  advisable  not  to  rely  upon  one  test  only,  but  to  try  every 
means  of  detection  at  one's  disposaL  To  discover  whether  it  is  blood 
or  not  is  by  no  means  a  difficult  problem,  but  to  distingidsh  human 
blood  from  that  of  the  common  mammals  is  possible  only  by  th^i 
**  biological "  test  described  at  the  end  of  the  next  section. 
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Immunity. 

The  chemical  defences  of  the  body  against  injury  and  disease  are 
numerous,  Tlie  property  that  the  blood  possesses  of  coagulating  is 
I  defence  against  haemorrhage ;  the  acid  of  the  gastric  juice  is  a  gi^eat 
jjroteotion  against  harmful  Bacteria  introduced  with  food.  Bacterial 
activity  in  urine  ia  inhibited  by  the  acidity  of  that  secretion. 

Far  more  important  and  widespread  in  its  effects  than  any  of  the 
foregoing  is  the  bactericidal  (i€.  bacteria  killing)  action  of  the  blood 
and  lymph ;  a  study  of  tlna  question  has  led  to  many  interesting 
results  especially  in  connection  with  the  problem  of  immunity.  This 
subject  ia  one  of  great  importance. 

It  is  a  familiar  fact  that  one  attack  of  many  infective  maladiea 
protects  us  against  another  attack  of  the  same  disease.  The  person 
is  said  to  be  immune  either  partially  or  completely  against  that 
disease.  Vaccination  produces  in  a  patient  an  attack  of  cowpox  or 
vaccinia.  Tliis  disease  is  either  closely  related  to  smallpox,  or 
maybe  it  is  smallpox  modified  and  rendered  less  malignant  by  passing 
througli  the  body  of  a  calf.  At  any  rate,  an  attack  of  vaccinia  renders 
a  person  immune  to  smallpox,  or  variola,  for  a  certain  number  of 
years.  Vaccination  ia  an  instance  of  what  is  cafled protsctive  inoculation^ 
which  is  now  practised  with  more  or  less  success  in  reference  to  other 
diseases,  such  as  plague  and  typhoid  fever.  The  study  of  immunity 
has  also  rendered  possible  what  may  be  called  curatim  tnoculatimi,  or 
the  injection  of  antitoxic  material  as  a  cure  for  diphtheria,  tetanus, 
anake  poisoning,  etc. 

The  leucocytes  or  phagocytes  destroy  bacteria  by  feeding  on 
them ;  but  the  fluid  part  of  the  blood  is  often  antagonistic  to  bacterial 
life,  and  this  power  was  first  discovered  when  the  effort  was  made  to 
grow  various  kinds  of  bacteria  in  it;  it  was  looked  upon  as  probable 
that  blood-serum  would  prove  a  suitable  soil  or  medium  for  this 
purpose.  It  was  found  in  some  instances  to  have  exactly  tiie 
opposite  effect.  The  chemical  characters  of  the  substances  which  kill 
the  bacteria  are  not  fully  known ;  indeed,  the  same  is  true  for  most 
of  the  substances  we  have  to  speak  of  in  this  connection.  Absence 
of  knowledge  on  this  particular  point  has  not,  however,  prevented 
important  discoveries  from  being  mada 

So  far  as  is  known  at  present,  the  substances  in  question  are 
protein  in  nature.  The  bactericidal  powers  of  blood  are  destroyed  by 
heating  it  for  an  hour  to  55""  0*  Whether  the  substances  are  derived 
from  the  leucocytes  is  a  disputed  point ;  the  balance  of  evidence 
appears  to  me  to  be  in  favour  of  this  view  in  many  cases  at  any 
rate,  and  phagocytosis  becomes  moi*e  intelligible  if  this  view  is 
accepted.  The  substances,  whatever  Ije  their  source  or  their  chemical 
nature,  are  called  baderio-ltfmm. 
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Closely  allied  to  the  bactericidal  power  of  blood,  or  blood-eerum, 
is  Its  globulicidal  power,  Bj  this  one  means  that  the  blood-serum  of 
one  animal  has  the  power  of  dissolving  the  red  blood-oorpuscles  of 
another  species.  If  the  serum  of  one  animal  is  injected  into  tJie 
blood-stream  of  an  animal  of  another  species,  the  result  is  a  destruction 
of  its  red  corpuscles,  which  may  be  so  excessive  as  to  lead  to  the 
passing  of  the  liberated  haemoglobin  into  the  urine  (haemoglobinuria). 
The  substance  or  substances  in  the  serum  that  possess  this  property 
are  caLled  hmnwlydns,  and  though  there  is  some  doubt  whether 
hacterio-lysina  and  hsemolysins  are  absolutely  identical,  there  is  no 
doubt  that  they  are  closely  related  substancea 

Normal  blood  possesses  a  certain  amount  of  substances  which  are 
inimical  to  the  life  of  our  bacterial  foes.  But  suppose  a  person  gets 
run  down;  every  one  knows  he  is  then  liable  to  "catch  anything" 
This  coincides  with  a  diminution  in  the  bactericidal  power  of  Ms 
blood.  But  even  a  perfectly  healthy  person  has  not  an  unlhnited 
supply  of  bacterio-lysin,  and  if  the  bacteria  are  sufficiently  numerous 
he  will  fall  a  victim  to  the  disease  they  produce.  Here,  however, 
comes  in  the  remarkable  part  of  the  defence.  In  the  struggle  he 
will  produce  more  and  more  bacterio-lysin,  and  if  he  gets  well  it 
means  that  the  bacteria  are  finally  vanquished,  and  his  blood  remains 
rich  in  the  particular  bacterio-lysin  he  has  produced,  and  so  will 
render  him  immune  for  a  time  to  further  attacks  from  that  particular 
species  of  bacterium.  Each  bacterimn  attacked  in  this  way  seems  to 
cause  the  development  of  a  specific  anti-substance. 

Immunity  can  more  conveniently  be  prod  uced  gradually  in  ammals, 
and  this  applies,  not  only  to  the  bacteria,  but  in  certain  cases  to  the 
toxins  they  form.  If,  for  instance,  the  bacilli  which  produce 
diphtheria  are  grown  in  a  suitable  medium,  they  produce  the 
diphtheria  poison,  or  toxin,  much  in  the  same  way  that  yeast-cells 
will  produce  alcohol  when  grown  in  a  solution  of  sugar.  Diphtheria 
toxin  is  associated  with  a  proteose^  as  is  also  the  case  with  the  poiBon 
of  snake  venom.  If  a  certain  small  dose  called  a  "  lethal  dose "  iB 
injected  into  a  gninea-pig  the  result  is  death.  But  if  the  guinea-pig 
receives  a  smaller  dose  it  will  recover ;  a  few  days  after  it  will  stand 
a  rather  larger  dose ;  and  this  may  be  continued  until,  after  many 
successive  gradually  increasing  doses,  it  will  finally  stajid  an  amount 
equal  to  many  lethal  doses  without  any  ill  effecta  The  gradual 
introduction  of  the  toxin  has  called  forth  the  production  of  an 
antitoxin.  If  this  is  done  in  the  horse  instead  of  the  guinea-pig  the 
production  of  antitoxin  is  still  more  marked,  and  the  serum  obtained 
from  the  blood  of  an  immtmised  horse  may  be  used  for  injecting  into 
human  beings  sufifering  from  diphtheria,  and  rapidly  cures  the  diseasa 
The  two  actions  of  the  blood,  antitoxic  and  antibacterial,  are  fre- 
quently associated,  but  may  be  entirely  distinct* 
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The  antitoxin  is  also  a  protein  probably  of  the  nature  of  a  globulin ; 
at  any  rate  it  is  a  protein  of  larger  molecular  weight  than  a  proteose. 
This  suggests  a  practical  point.  In  the  case  of  snake-poiaoning  the 
poiflon  gets  into  the  blood  rapidly  owing  to  the  comparative  ease  with 
which  it  difFuaea,  and  so  it  is  quickly  carried  all  over  the  body.  In 
treatmetit  with  the  antitoxin  or  antivenin,  speed  is  everything  if  life 
is  to  be  saved ;  injection  of  this  material  under  the  skto  is  not  much 
good,  for  the  diffusion  into  the  blood  is  too  slow.  It  should  be 
injected  straight  away  into  a  blood-vessel. 

There  is  no  doubt  that  in  these  cases  the  antitoxin  neutralises  the 
toxin  much  in  the  same  way  that  an  acid  neutralises  an  alkali.  If 
the  toxin  and  antitoxin  are  mixed  in  a  test- tube,  and  time  allowed 
for  the  interaction  to  occur,  the  result  is  an  innocuous  mixture.  The 
toxin,  however,  is  merely  neutralised,  not  destroyed ;  for  if  the 
mixture  in  the  test-tube  is  heated  to  68 '  C.  the  antitoxin  is  coagulated 
and  destroyed,  and  the  toxin  remains  as  poisonous  as  ever. 

Immunity  is  distinguished  into  adwe  and  passiiw.  Active  im- 
munity is  produced  by  the  development  of  protective  sul^stances  in 
the  body ;  passive  immunity  by  the  injection  of  a  protective  serum. 
Of  the  two  the  former  is  the  more  permanent. 

Eidn,  the  poisonous  protein  of  castor-oil  seeds,  and  abrin,  that 
of  the  Jequirity  bean,  also  produce,  when  gradually  given  to  animals, 
an  immunity,  due  to  the  production  of  anti-ricin  and  anti-abrin 
respectively. 

Ehrlich's  hypothesis  to  explain  such  facts  is  usually  spoken  of  as 
the  side-chain  thsory  of  immunity.  He  considers  that  the  toxins  are 
capable  of  uniting  with  the  protoplasm  of  living  cells  by  possessing 
f^roups  of  atons  like  those  by  which  nutritive  proteins  are  united  to 
cells  during  normal  assimilation.  He  terms  these  hapiophor  groups, 
and  the  groups  to  which  these  are  attached  in  the  cells  he  terms 
receptoT  groups.  The  introduction  of  a  toxin  stimulates  an  excessive 
production  of  receptors,  which  are  finally  thrown  out  into  the  circula- 
tion, and  the  free  circulating  receptors  constitute  the  antitoxin.  The 
comparison  of  the  process  to  assimilation  is  justified  by  the  fact  that 
non-toxic  substances  like  milk  or  egg-white  introduced  gradually  by 
successive  doses  into  the  blood-stream  cause  the  formation  of  anti- 
substances  capable  of  coagulating  them. 

Up  to  this  point  I  have  spoken  only  of  the  blood,  but  month  by 
month  workers  are  bringing  forward  evidence  to  show  that  other 
cells  of  the  body  may  by  similar  measuree  be  rendered  capable  of 
producing  a  corresponding  protective  mechanism* 

One  further  development  of  the  theory  I  must  mention.  At  least 
two  different  substances  are  necessary  to  render  a  seruni  bactericidal 
or  globulicidal.  The  bacterio-lysin  or  haemoiysin  consists  of  these 
two  substances.     One  of  these^is  called  the  immune  hody,  the  other 
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the  Gomplmunt  We  may  illustrate  tho  use  of  theee  terms  by  an 
example.  The  repeated  injection  of  the  blood  of  one  animal  (e.^.,  the 
goat)  into  the  blood  of  another  animal  {€.g,,  a  sheep)  after  a  time 
renders  the  latter  animal  immune  to  further  injections,  and  at  the 
same  time  causes  the  production  of  a  serum  which  dissolves  readily 
the  red  blood-corpuscles  of  the  first  animal.  Tho  sheep's  serum  is  thus 
htnemolytic  towards  goat's  blood -corpuscles.  This  power  is  destroyed 
by  heating  to  56"  C.  for  half  an  liour,  but  returns  when  the  fresh 
serum  of  any  animal  is  added.  The  specific  immunising  substance 
formed  in  the  sheep  ia  called  the  imm\me  body;  the  ferment-Eke 
substance  destroyed  by  heat  is  the  complement.  The  latter  ia  not 
specific,  since  it  is  furnished  by  the  blood  of  non-immunised  animals, 
but  it  is  nevertheless  esnential  for  haemolysis.  Ehrlich  believes  that 
the  immune  body  has  two  side  groups^one  which  connects  with  the 
receptor  of  the  red  corpuscles,  and  one  which  unites  with  the  hapto* 
phor  group  of  the  complement,  and  thus  renders  possible  the  ferment- 
like  action  of  the  complement  on  the  red  corpuscles.  Various 
antibacterial  serums  which  have  not  been  the  suceesa  in  treating 
disease  they  were  expected  to  be,  are  probably  too  poor  in  comple- 
ment, though  they  may  contain  plenty  of  the  immune  body. 

To  put  it  another  way:  the  cell-dissolving  substances  cannot  act 
on  their  objects  of  attack  without  an  intermediate  substance  to 
anchor  them  on  to  the  substance  in  question*  This  intermediary 
substance,  known  as  the  immune  body  or  amboceptor,  is  specific,  and 
varies  with  the  aubstance  to  be  attacked  (red  corpuscles,  bacterium, 
toxin,  etc,y  The  complement  may  be  compared  to  a  person  who 
wants  to  unlock  a  door;  to  do  this  eflfectively  he  must  be  provided 
with  the  proper  key  (amboceptor  or  immune  body). 

Quite  distinct  from  the  bactericidal,  globuUcidal,  and  antitoxic 
properties  of  blood  is  its  agglutinating  action.  This  is  another  result 
of  infection  with  many  kindj3  of  bacteria  or  their  toxins.  The  blood 
acquires  the  property  of  rendering  immobile  and  clumping  together 
the  specific  bacteria  used  in  the  infection.  The  test  appUed  to  the 
blood  in  cases  of  typhoid  fever,  and  generally  called  Widal'e  reaction, 
depends  on  this  fact.  The  substances  that  produce  this  effect  are 
called  ogglutiniTis,  They  also  are  probably  protein^like  in  nature, 
but  are  more  resistant  to  heat  than  the  lysins.  Prolonged  heating 
to  over  60^  C.  is  necessary  to  destroy  their  activity. 

We  thus  see  that  the  means  of  combating  our  bacterial  enemies 
are  various;  in  some  cases  they  are  rendered  immobile  by  agglu- 
tinins, and  in  other  cases,  killed  by  bacterio-lysins.  In  other 
instances,  their  toxins  are  neutralised  by  antitoxins,  and  in  others 
again  they  are  directly  devoured  by  phagocytes-  MetsehnikofiTs 
view,  which  is  shared  by  many  eminent  bacteriologists,  is  that 
phagocytOBis   is  the  supreme  methoil,  and   the  others  are  merely 
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auxiliaries,  or  confined  to  a  Bniall  number  of  cases.  If  a  foreign 
orgai^isin  is  deatrojed  by  the  lencocjteSi  it  produces  no  ill  effects 
when  it  enters  the  body  of  a  man  or  other  aninia] ;  but  if  it  is  not 
fiefitroyed,  it  grows  and  produces  a  diseaeej  and  it  is  therefore  called 
pathogenic.  If  the  phagocytes  can  bo  induced  to  feed  on  a  patho- 
genic organism  ♦  it  is  at  once  rendered  n  on -pathogenic.  The  recent 
discovery  of  opsonins,  by  Sir  A.  E.  Wright,  empliasises  this  view  and 
shows  one  means  the  body  possesses  of  persuading  the  leucocytes  to 
eat  bacteria,  which  would  otherwise  be  distasteful  to  them.  Washed 
bacteria  from  a  culture  are  usually  refused  by  leucocytes;  but  if  the 
bacteria  had  been  previously  soaked  in  serum,  especially  if  that 
serum  has  been  obtained  from  the  blood  of  an  animal  previously 
immuniaed  against  that  special  bacterium,  then  the  leucocytes 
devour  them  eagerly.  Something  has  either  been  added  to  the 
bacterium  to  make  it  tasty,  or  something  removed  from  it  which 
previously  made  it  distasteful :  whichever  is  the  case,  the  action  is 
described  as  the  action  of  an  opsonin  (derived  from  a  Greek  word 
which  means  ''  to  prepare  the  feast "  ). 

We  may  take  the  specific  case  of  the  tubercle  bacilhis  as  an 
instance  where  such  work  is  of  value.  All  of  us  are  breathing  in 
these  bacilli  every  day  of  our  lives,  but  many  of  us  escape  tubercu- 
losis because  the  opsonic  power  of  our  Wood  is  sufficiently  high  to 
render  the  bacilli  an  easy  prey  to  leucocytes.  In  those  to  whom  the 
organism  is  pathogenic,  the  modern  treatment  i^  directed  to  enhanc- 
ing nature's  cur^  by  increasing  the  opsonic  power  of  the  patient's 
blood  by  good  food  and  pure  air,  or  the  injeetion  of  preparations  of 
the  required  opsonin. 

Lastly,  we  come  to  a  question  which  more  directly  appeals  to  the 
physiologist  than  the  preceding,  because  experiments  in  relation  to 
immunity  have  furnished  us  with  what  has  hitherto  been  lacking, 
a  means  of  distinguishing  human  blood  from  the  blood  of  other 
amm&ls. 

The  discovery  was  made  by  Tchistovitch  (1899),  and  hia  original 
experiment  was  as  foUows:— Babbits,  dogs,  goats,  and  gmDaa-pigs 
were  inoculated  with  eel*a6rum,  which  is  toxic :  he  thereby  obtained 
from  thaae  animals  an  antitoxic  serum.  But  the  serum  was  not  only 
antitoxic,  but  produced  a  precipitate  when  added  to  eel-serum^  btit 
not  when  added  to  the  Benim  of  any  other  animal  In  other  worda, 
not  only  has  a  spedfic  antitoxin  been  produced,  but  abo  a  specific 
precipilin,  Kumeroiia  observers  have  since  found  that  this  is  a 
general  rub  thnragfaout  iba  animal  kingdom,  ineluding  man.  If,  for 
instance,  a  rablut  ta  treated  with  bnman  blocxi,  the  semm  ultimately 
obtained  from  the  rabbit  eont&ini  a  specific  precipitin  for  human 
blood;  tliat  is  to  s&y,  a  predptlftte  is  fonxied  cm  addinj^  such  a 
rabbit's  senim  to  btimaii  blood,  bat  noi  on  adding  it  to  tbo  blood 
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of  any  other  animaL  There  may  be  a  slight  reaction  with  the 
blood  of  allied  animals;  for  instance,  with  monke/s  blood  in  the 
C€ise  of  man.  The  great  value  of  the  test  is  its  delicacy;  it  will 
detect  the  specific  blood  when  it  is  greatly  diluted,  after  it  has  been 
dried  for  weeks,  or  even  when  it  is  mixed  with  the  blood  of  other 
animals. 


CHAPTER  XXVTI 

THS  ALIMENTARY   CAKAL 

The  alimentary  canal  consists  of  a  long  muscular  tube  lined  by 
lucous  raembrane  beginning  at  the  mouth,  and  terminating  at  the 
1U8.  It  comprises  the  mouth,  pharynx,  oesophagus,  stomach,  small 
intestine  and  large  intestine.  Opening  into  it  are  numerous  glands 
which  pour  juices  into  it;  these  bring  about  the  digestion  of  the  food 
as  it  passes  along.  Some  of  tlie  glands,  like  the  gastric  and  intestinal 
glands,  are  situated  in  the  mucous  membrane  which  lines  the  canal ; 
others,  like  the  salivary  glands,  liver,  and  pancreas,  are  situated  at  a 
distance  from  the  main  canal,  and  pour  their  secretion  into  it  by 
means  of  side  tubes  or  ducts. 

The  Mouth 

This  cavity  is  lined  by  a  mucous  membrane  consisting  of  a  eorium 
of  fibrous  tissue  with  numerous  patches  of  lymphoid  tissue  in  it, 
especially  in  the  posterior  regions ;  and  an  epithelium  of  the  stratified 
variety  closely  resembhng  the  epidermis.  The  surface  layerSj  like 
those  of  the  epidermis,  are  made  of  homy  scales.  Opening  into  the 
mouth  are  a  large  number  of  little  mucous  glands,  and  the  salivary 
glands  pour  their  secretion  into  the  mouth  also.  The  teeth  (p,  64) 
have  been  previously  studied.  The  tongue  will  be  considered  later 
in  connection  with  taste. 

The  Phaeywx 

That  portion  of  the  alimentary  canal  which  intervenes  between 
the  mouth  and  the  cBsophagus  is  termed  the  Pharynx.  It  is  con- 
structed of  a  series  of  tiiree  muscles  with  striated  fibres  {comtri€tOT8)t 
which  are  covered  by  a  thin  fascia  externally,  and  are  lined  internally 
by  a  strong  fascia  (pliaryngeal  aponeurosis),  on  the  inner  aspect  of 
which  is  areolar  (submucous)  tissue  and  mucous  membrane,  con- 
tinuous with  that  of  the  mouth,  and,  as  regards  the  part  concerned 
in  swallowing^  identical  with  it  in  general  structure.    The  epithelium 

of  this  part  of  the  pharynx,  like   that  of  the  mouth,  is  stratified. 
1  4m 
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The  upper  portion  of  the  pharynx  into  which  the  naree  open  is  lined 
with  ciliated  epithelium. 

The  pharynx  is  well  supplied  with  raucons  glanda 
Between  the  anterior  and  posterior  arches  of  the  soft  palata  are 
situated  the  Tormis,  one  on  each  side.  A  tonsil  consists  of  an  eleva- 
tion of  the  mncons  membrane  presenting  12  to  15  orifices,  which  lead 
into  crypts  or  reca^ses,  in  the  walla  of  which  are  placed  nodules  of 
lymphoid  tiaaue  (fig.  373).  These  nodules  are  enveloped  in  a  lesa 
dense  adenoid  tissue  which  reaches  the  mucous  surfaca  The  surface 
is  covered  with  strstitied  epithelium,  and  the  corium  may  present 
rudimentary  papilhne  formed  of  adenoid  tissua     The  tonsil  is  Ijounded 
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Fin^  37^.— V^rtfcAl  Auction  througfa  i.  ciypfe  of  tha  htimiAii  toiiaiL    I,  outnncfl  tu  the  crypt ;  2  and  B,  Ihfl 
f!r&m<^wDrk  or  ftdD&aid  tissue ;  4,  tbn  omcloaing  flbroui  tjiaafl ;  a  Had  h^  lymphoid  nodulvi^ ;  6  imd  0, 

beneath  by  a  fibrous  capsule  (fig,  373,  4).     Into  the  crypts  open  the 
ducts  of  numerous  mucous  glands. 


The  (Esophagus  or  Gullet 

The  CEaophagus  or  Gullet,  the  narrowest  portion  of  the  alimentary 
canal,  is  a  muscular  tube,  nine  or  ten  inches  in  length,  which  extends 
from  the  lower  end  of  the  pharynx  to  the  cardiac  orifice  of  the 
stomach.  It  is  made  up  of  three  coata — ^viz.,  the  outer,  miismdar; 
the  middle,  submucmis ;  and  the  inner,  mucmis.  The  muscular  coat 
is  covered  externally  by  a  varying  amount  of  loose  fibrous  tissue.  It 
is  composed  of  two  layers  of  fibres,  the  outer  Ijeing  arranged  longi- 
tudinally, and  the  inner  circidarly     At  the  upper  part  of  the  oeso- 


ca  xxvn] 


THE  n^sornAGOa 


459 


phagtis  this  coat  ia  made  up  priucipally  of  striated  muscle  fibres; 
they  are  contmuoiis  with  the  constrictor  muscleB  of  the  pharynx ; 
but  lower  d*nvii  the  unstriated  fibres  teconie  more  and  more  numerous, 
atid  towards  the  end  of  the  tube  form  the  entire  coat.  The  muscular 
coat  is  connected  with  the  mucous  coat  by  a  more  or  less  developed 
layer  of  areolar  tissue,  which  forma  the  sjihrnmims  coat,  in  which  are 
contained  in  the  lower  half  or  third  of  the  tub©  many  mucous  glandSj 
the  ducts  of  which,  passing  through  the  mucous  membrane,  open  on 
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its  surface  (fig.  374).  In  the  deepest  part  of  the  mucous  membrane 
is  a  well-developed  layer  of  longitudinally  arranged  unstriated  muscle* 
called  the  mu^tmlaru  mucosm.  The  corium  of  tlie  mucous  membrane 
is  composed  of  fine  connective  tissue,  which,  towards  the  surface,  is 
elevated  into  papillfle.  It  is  covered  with  a  stratified  epitheliuuj,  of 
which  the  moat  superficial  layers  are  composed  of  squamous  cells* 
The  epithelium  is  arranged  upon  a  basement  membrane. 

In  newly-horn  children  the  corium  exhibits,  in  many  parts^  the 
structure  of  lymphoid  tissue  (Klein). 


460 


THE  ALTMENTATIT  OAITAL 


|0M.  XXTTl 


Thk  Stomach 

The  stomach  ia  a  dilatation  of  the  alimentary  canal  placed  between 
and  continuous  with  the  cesophaguSj  which  enters  its  larger  or  cardiac 
end  on  the  one  hand,  and  the  small  intestine,  which  comnaencea  at 
its  narrowed  end  or  pylorus,  on  the  other, 

ItB  wall  is  composed  of  four  coats,  (1)  an  external  or  peritoneal, 
(2)  muscular,  (3)  submucous,  and  (4)  mucous  coat;  with  blood- vessels, 
lymphatics,  and  nerves  distributed  in  and  between  them. 

(1)  The  peritoneal  coat  has  the  structure  of  serous  membranes  in 
general 

(2)  The  muscular  coat  consists  of  three  separate  layers  or  sets  of 
fibres,  whichj  according  to  their  several  directions,  are  named  the 
longitudinal,  circular,  and  oblique.  The  longitudinal  set  are  the 
most  superficial :  they  are  continuous  with  the  longitudinal  fibres  of 
the  oesophagus,  and  spread  out  in  a  diverging  manner  over  the  cardiac 
end  and  sides  of  the  stomach.  They  extend  as  far  as  the  pylorus, 
being  especiaDy  distinct  at  the  lesser  or  upper  curvature  of  the  stomachy 
along  which  they  pass  in  several  strong  bands.  The  next  set,  the 
circular  or  transverse  fibres,  are  most  abundant  at  the  middle  and  in 
the  pyloric  portion  of  the  organ,  and  form  the  chief  part  of  the  thick 
projecting  ring  of  the  pylorus.  They  are  continuous  with  the  circu- 
lar layer  of  the  Intestine.  The  deepest  set  of  fibres  are  the  obliqm, 
continuous  with  the  circular  muscular  fibres  of  the  oesophagus :  they 
are  comparatively  few  in  number,  and  are  foimd  only  at  the  cardiac 
portion  of  the  stomach ;  they  form  a  sphincter  around  the  cardiac 
orifice.  The  muscular  fibres  of  the  stomach  and  of  the  intestinal 
canal  are  of  the  unstriated  or  plain  variety. 

(3)  The  submucous  coai  consists  of  loose  areolar  tissue,  which 
connects  the  muscular  coat  to  the  mucous  membrane.  It  contains 
blood-vessels  and  nerves ;  in  the  contracted  state  of  the  stomach  it  is 
thrown  into  numerous,  chiefly  longitudinal,  folds  or  rugae,  which  dis* 
appear  when  the  organ  is  distended. 

(4)  The  mucous  mem^brans  is  composed  of  a  oorium  of  fine  con- ' 
neotive   tissue,  which  approaches  closely  in  structure   to  adenoid 
tissue ;  this  tissue  supports  the  tubular  glands  of  which  the  super- 
ficial and  chief  part  of  the  mucous  membrane  is  composed,  and  pasa- 
ing  up  between  them  assists  in  binding  them  together.     The  glands 
are  separated  from  the  rest  of  the  mucous  membrane  by  a  very  fine  j 
homogeneous  basement  membrane.     The  corium  is  covered  with  a 
layer  of  colimmar  epithelium,  which  passes  down  into  the  mouths  of  I 
the  glands. 

At  the  deepest  part  of  the  mucous  membrane  are  two  thin  layers 
(circular  and  longitudinal)  of  unstriped  muscular  fibres,  called  thai 
musmdaris  mucosa:. 
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When  examined  with  a  lens,  the  internal  or  free  surface  of  the 
stomach   presents   a  peculiar  honeycomb  appearance,  produced  by 

shallow  polygonal  depressione.  In 
^~V'^.T>^^  the  bottom  of  these  little  pits,  and 
'^'  to  some  extent  between  them, 
minute  openings  are  visible,  which 
are  the  orifices  of  the  ducts  of 
perpendicularly  arranged  tubular 
glands  (fig,  375),  imbedded  side  by 
side  IB  sets  or  bundles,  on  the 
surface  of  the  mucous  membrane, 
and  composing  nearly  the  whole 
structure. 

The    glands    of    the    mucous 
membrane  are  of  three  varieties. 


Flo.  S7^.— Timnav^ru  lecLiuii  Lhrcjugh 
towor  part  orriuidua  ^l&ntla  uF  a  cut- 
a,  piotintAJ  cells ;  h^  ceutral  cftllt  j 
tf  tnnj|vei:H«  AectioD  of  capillArim. 

(a)  Cardiac,  (&)  Fundus,  and  {t) 
Pyloric, 

{a)  Cardiac  glandis;  these  are 
simple  tubular  glands  lined  by 
short  columnar  granular  cells,  and 
are  only  found  quite  close  to  the 
cardiac  orifice. 

(fi)  Fundus  glands  are  foimd 
throughout  the  remainder  of  the 
cardiac  half  and  fundus  of  the 
stomach.  They  are  arranged  in 
groups  of  four  or  five,  which  are 
separated  by  a  fine  connective 
tissue*  Two  or  three  tubes  open  iJito  one  duct,  which  forms  about  a 
third  of  the  whole  length  of  the  tube  and  opens  on  the  surface.  The 
ducts  are  lined  with  columnar  epithelium.  The  gland-tubes  are  lined 
with  coarsely  granular  polybedrul  cells  {tentral  reils)  which  are  con* 
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From  I  Vftrttcal  nactiuu  tbfougU  the 
ttiucMnis  tDQiDttrmiifl  of  the  cariiliw;  vnd  of 
ilomacLfa.  Two  fundai  glands  ire  ibowa 
witli  A  duct  com  Dion  bo  both.  <t,  duct,  with 
odluronjiT  vpttheUum  b«o:}iiilng  nhortcF  u 
the  enlist  are  trftcpd  dQimw«rd ;  n^  nWik  Of 
gi«nd  tubea,  with  ceDtnlu).d  parietal  cftUe ; 
£i,  buc»  with  curv^  cscil  extremity— ths 
pkrif^tjil  celb  mm  not  wo  nameniiu  ben. 
(Klebi  ai]d  Koblis  BmltliJ 
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tinuous  with  the  coluamar  cells  of  the  duot  Between  these  eellfl 
and  the  basement  membrane  of  the  tubes,  are  large  oval  or  spherical 
cells,  opaque  or  granular  in  appearance,  with  clear  oval  nuclei, 
bulging  out  the  Imsement  membrane ;  these  cells  are  called  pametal 
or  Qxt/ntic  cdls.     They  do  not  form  a  continuous  layer. 

(c)  Pijlori^'  Glands.-— Ih^m  glands  (fig.  377)  have  much  longer 
ducts  than  the  cardiac  glanda*  Into  each  duct  two  or  three  tubes 
open  by  very  short  and  narrow  necks,  and  the  body  of  each  tube  is 
branched,  wavy,  and  convoluted*     The  lumen  is  large.     The  ducts  are 
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Fill,    3|'7,^Si)cUci>n     allowing     tfae 

mtx ;  dt  dnetM  of  pylurtc  giindji ; 
Tt,  neck  of  ume;  m,  the^  gland 
tubulen ;  mvii,  mnaculArii^t  mii' 
cctfo^.    (  Kloin  &iid  Noble  ^tii  i  t  h .  > 


Flu ,  liTS.  -  F  lao  Qt  the  bknd-vnRels  oF  Urn 
aXomuch^  m  th«y  w<m\^  bb  mad  iu  * 
veitfcftL  ^Ktlop.  a,  i^rterjej,  [ASiitig 
np  ftom  tbfl  vflflAflk  of  Aubmuooat 
fsdttt  1 1^,  eftpUIaiiea  brmuchine  betwiKia 
ihDd  uound  the  titbea  1  c,  vnperflei*! 
plftxun  of  rapSD&ileii  occupying  tha 
ridgm  nf  th^^  mucooi  mfimbniM; 
d,  vain  fonnfd  hv  th*  union  of  valon 
wbicfa,  bAvitig  dtillttcted  the  blood  of 
tli0  iUperllclal  capnUiy  plfiinu,  ^ra 
iweu  pM«1i)g  down  Wveen  tlm  tnb». 
{BdnUm.} 


lined  with  columnar  epithelium,  and  the  neck  and  body  witli  short 
and  finely  granular  cubical  cells,  which  correspond  with  the  central 
cells  of  the  fundus  glands*  As  they  approach  the  duodenum  the 
pyloric  glands  become  larger,  more  convoluted  and  more  deeply 
situated.  They  are  directly  coutinuous  with  Brujiner's  glands  in  the 
duodenum. 

Lpmphati&s. — Lymphatic  vessels  surround  the  gland  tubes  to  a 
greater  or  less  extent.  Towards  the  base  of  the  fundus  glands  are 
found  masses  of  lymphoid  tissue,  wliich  may  appear  as  distinct 
folliclea^  somewhat  like  the  solitary  glands  of  the  small  intestine. 
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Blood-vessels. — The  blood-vessels  of  the  stomach,  which  first  break 
up  in  the  submucous  tissue,  send  branches  upward  between  the 
closely  packed  glandular  tubes,  anastomosing  around  them  by  means 
of  a  fine  capillary  network,  with  oblong  meshes.  Continuous  with 
this  deeper  plexus,  or  prolonged  upwards  from  it,  is  a  more  superficial 
network  of  larger  capillaries,  which  branch  densely  around  the  orifices 
of  the  tubeSj  and  form  the  framework  on  which  are  moulded  the 
small  elevated  ridges  of  mucous  membrane  bounding  the  minutei 
polygonal  pits  before  referred  to.  Prom  this  suprnjidal  network  the 
veins  chiefly  take  their  origin.  Thence  passing  down  between  the 
tubes,  with  no  very  free  connection  with  the  deeper  inter-tuhular 
capOlary  plexus,  tliey  open  finally  into  the  venous  network  in  the 
submucous  tissue  (fig,  378), 

Nerves. — The  nerves  of  the  stomach  are  derived  from  the  pneumo- 
gastric  and  sympathetic,  and  form  two  plexuses,  one  in  the  sub- 
mucous and  the  other  tetweeu  the  muscular  layers. 

These  plexuses  are  continuous  with  those  which  occur  in  the 
same  situations  in  the  intestine,  and  which  we  shall  again  refer  to 
thera 

I  The  ^TESTUJiB. 

The  Intestinal  Canal  is  divided  into  two  chief  portions,  named, 
from  their  differences  in  diameter,  the  small  and  larg^  intestine. 
These  are  continuous  with  each  other,  and  communicate  by  means 
of  an  opening  guarded  by  a  valve,  the  iho-cwazl  valve,  which  allows 
the  passage  of  the  products  of  diges- 
tion from  the  small  into  the  large 
bowel,  but  not,  under  ordinary  cir- 
cumstances, ill  the  opposite  direction. 

The  Small  Intestine,  the  aver- 

lengfch  of  which  in  an  adult  is 

ufc  twenty  feet,  has  been  divided, 
for  convenience  of  description,  into 
three  portions,  viz.,  the  duodenum, 
which  extends  for  eight  or  ten  inches 
beyond  the  pylorus;  the  jejunmn, 
which  forms  two-fifths,  and  the  Ueum, 
which  forms  three-fifths  of  the  rest 
of  the  canal. 

Like  the  stomach,  it  is  constructed 
of  four  coats,  viz.,  the  serous,  mus- 
cular, submucous,  and  mucous. 

(1)  The  Bermu  coat  is  formed  by  the  visceral  layer  of  the 
peritoneum,  and  has  the  structure  of  serous  membranes  in  general- 

(2)  The   mmcidar  coat  consists  of  an  mternal  circular  and  an 


meDt  of  tb#  mucoufl  membnuiQ,  luclud- 
ing  oue  entire  crypt  of  LL«berklibQ  and 
put!  of  MTfliml  otbefv.    Th«  glftncii  »>!« 
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external  longitudinal  lajer:  the  former  is  usually  oonaiderably  the 
thicker  Both  alike  consist  of  bundles  of  unstriped  muscle  supported 
by  oonnective  tissue.  They  are  well  provided  with  lymphatic 
vessels,  which  form  a  set  distioct  from  those  of  the  mucous 
membrane. 

Between  the  two  muscular  coats  is  a  nei*ve-plexus  (Auerbach'e 
plexus)  (fig.  380),  similar  in  structure  to  Meissner's  (in  the  8uh- 
mucous  coat),  but  coarser  and  with  more  numerous  ganglia. 

(3)  Between  the  mucous  and  muscular  coats  is  the  siibmucmu 
coati  which  consists  of  connective  tissue  in  which  numerous  blood- 
vessels and  lymphatics  ramify,     A  fine  plexus,  consisting  mainly  of 


.^^ 


^>^ 


.>^^ 


f».  IfiO.— AuerbicJi'i  nerve-plema  in  Atuatl  lut^aUne.    a«DglloQ-«6U4  mn  Imbedded  in  th»  pjems*  thi 
whole  of  wlilcli  Ea  enclasetl  in  «  niiclettted  iheatti.    (Klein.) 


noE-meduUated  nerve-fibres,  MRissn^r^s  pUmts,  with  'ganglion  cells  af 
its  nodes,  oecurs  in  the  submucous  tissue  from  the  stomach  to  the 
anus.  J 

(4)  The  mueom  mmnira'm  is  the  most  important  coat  in  relation' 
to  the  function  of  digestion.  Its  general  structure  resembles  that 
of  the  stomach,  and,  like  it,  is  lined  on  its  inner  surface  bj  columnar 
epithelium.  Adenoid  tissue  (fig.  379)  enters  largely  into  its  construc- 
tion ;  and  on  its  deep  surface  is  the  muscularis  mucosm  (m,  fig,  382), 
the  fibres  of  which  are  arranged  in  two  layers :  the  outer  longitudinal 
and  the  inner  circular. 

Valvules  Cminimnim. — The  valvulae  conniventes  (fig.  381)  com* 
mence  in  the  duodenum,  about  one  or  two  inches  beyond  the 
pylorus,  and,  becoming   larger   and   more   numerous    immediately 
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beyond  the  entrance  of  the  bile  duct,  continue  well  developed 
throughout  the  jejunum;  then,  gradually  diminishing  in  size  and 
niunter.  they  ceaae  near  the  middle  of  the  ileum.  They  are  formed 
by  a  doublmg  inwards  of  the  mucous  membrane;  the  crescentic, 
nearly  circular^  folds  thus  formed  are  arranged  transversely  to  the 
axis  of  the  intestine,  but  each  individual  fold  seldom  extends  around 
more  than  |  or  'i  of  the  bowers  circumference. 
Unlike  the  rugffi  in  the  cesophagiis  and  stomach, 
they  do  not  disappear  on  distension  of  the  canal 
Their  function  is  to  afford  a  largely  increased 
surface  for  secretion  and  absorption.  They  are 
covered  with  villi 

ViUi— The  vilU  (figs.  382,  383,  and  384)  are 
confined  exclusively  to  the  mucous  membrane  of 
the  small  intestine.  They  are  minute  vascular 
procGBSes,  from  iV  to  |  of  an  inch  {'5  to  3  mm.) 
in  length,  covering  the  surface  of  the  mucous 
m^nbrane,  and  giving  it  a  peculiar  velvety,  fleecy 
appearance.  Krause  estimates  them  at  6fty  to 
ninety  in  number  in  a  square  line  at  the  upper 
part  of  the  small  intestine,  and  at  forty  to 
seventy  la  the  same  area  at  the  lower  part. 
They  vary  in  form  even  in  the  same  animal,  and 
di^r  according  as  the  lymphatic  vessels  or 
la^mis  which  they  contain  are  empty  or  fuU; 
being  usually,  in  the  former  case,  flat  and  pointed 
at  their  summits,  in  the  latter  cylindrical. 

Each  villus  is  a  email  projection  of  the  mucous  membrane; 
its  interior  consists  of  fine  adenoid  tissue,  which  forms  the  frame- 
work in  which  the  other  constituents  are  contained. 

The  surface  of  the  villus  is  clothed  by  columnar  epithelium,  which 
rests  on  a  fine  basement  membrane;  while  within  this  are  found, 
reckoning  from  without  inwards,  blood-vesaela,  fibres  of  the  muscuiaris 
mucoscs,  and  a  lymphatic  or  lacteal  vessel  sometimes  looped  or 
branched  (fig.  384), 

The  epithelium  is  continuous  with  that  lining  the  other  parts  of 
the  mucous  membrane.  The  cells  are  arranged  with  their  long  axis 
radiating  from  the  surface  of  the  villus  (fig.  383),  and  their  smaller 
ends  resting  on  the  basement  membrane.  The  free  surface  of  the 
epithelial  cells  of  the  villi,  like  that  of  the  cells  which  cover  the 
general  surface  of  the  mucous  membrane,  is  surmounted  by  a  bright 
MiHaied  hordsr  (see  pp.  25-27). 

Immediately  beneath  the  basement  membrane  there  is  a  rich 
supply  of  blood-vessels.  Two  or  more  minute  arteries  are  distributed 
within  each  villus ;  and  from  their  capillaries,  which  form  a  dense 

a  Q 


I'jo.  MI,— Pleceoftm^UJn- 
tydatiDe  (proviouil)'  fits, 
bonded  tmd  hurdeiiftd  hy 
Hlcoliolj,  Ulrl  open  bo 

tJoj]    of    tlift    v&lrQlv 
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network,  proceed  one  or  two  small  veins,  which  pass  out  at   the] 

base  of  the  %nlluB. 

The  layer  of  the  mv^euiaris  mvsmm 
in  the  villus  forms  a  kind  of  thin 
hollow  cone  immediately  around  the 
central  lacteal,  and  is,  therefore,  situ- 
ated beneath  the  blood-vessels.  It  is 
instrumental  in  the  propulsion  of  chyle 
along  the  lacteal 

The  IcLcUai  vessels  form  the  com- 
mBncemerit  of  the  intestinal  lymphatic 
system.  Each  begins  almost  at  the  tip 
of   the  villus   commonly   by   a   dilated 


^:-: 


num,  ahowlng  a,  vEMJ ;  b^  erypta 
of  Lieberkuhn^  ftnd  e^  Brutibisr'i 
gUoda  in  tba  suboaucosa  i,  ulth 

(SchollfttdO 


Fia.  8SS.— Vertical  aflctloti  of  K  irtUii  of 
the  BDiaU  Lutastititt  of  a  caU  a^ 
striated  bord^sr  of  the  ej>lthf!ljum ;  h, 
calumnarepUUcltiiiB  ^  e,  eublet  cells; 
df  centrHl  lymph- veasel^  r,  unoath 
muacular  QbrCH ;  /,  adenoid  atrtiaiiA  of 
the  yUlufl  in  whicb  lymph  corpiiacl«i 
Ui»,    (KlefnJ 


extremity*  In  the  larger  villi  there  may  be  two  small  lacteal  vesaela 
which  join,  or  the  lacteals  may  form  a  network  in  the  villus 
(fig,  384). 

ff^TK^.— The  glands  are  of  two  lands  :■ — viz,,  those  of  Lieberkiihn 
and  of  Brunnen  Peyer*3  patches  and  the  solitary  follicles  are  com- 
posed of  lymphoid  nodules.  Though  sometimes  called  glands,  they 
form  no  external  secretion. 

The  glands  or  crypts  of  Lieberkiihn  are  tubular  depressions  of  the 
intestinal  mucous  membrane,  thickly  distributed  over  the  whole 
Burface  both  of  the  large  and  small  intestines.  In  the  small  intestine 
they  are  visible  only  with  the  aid  of  a  lens ;  and  their  orifices  appear 
as  minute  dots  scattered  between  the  villi.    They  are  larger  in  the 
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l^Tga  intestine,  and  increase  in  size  the  nearer  they  approach  the 
anal  end  of  the  intestinal  tnbe;  and  in  tlie  rectnm  their  orifices  may 
be  visible  to  the  naked  eja     In  length  they  vary  from  ^  J^  to  ^  of 


Ftn.  S84.— A.  FilJvj  o/fArrp,    B.   ViiUq/man,    (SUgMly  altered  from  Tckbi^«nnO 


an  inch.  Eaeh  tnbule  (fig.  386)  is  constructed  of  a  fine  hasemeni 
membrane,  lined  by  a  layer  of  columnar  eiuthaliunii  many  of  the  cells 
of  which  are  goblet  cells, 

Brunner's  glands  (fig.  382)  are  confined  to  the  duodenum ;  they 
are  most  abundant  and  thickly  set  at  its  commencement,  and  diminish 
gradually  as  the  duodenum  advances.  They  are  situated  beneath  the 
museularis  mucoB^e,  imliedded  in  the  submucous  tissue ;  each  gland 
is  a  branched  and  convoluted  tut»e,  lined  with  columnar  epithelium. 
In  structure  they  are  very  similar  to  the  pyloric  glands  of  the 
stomach,  but  they  are  more  branched  and  convoluted,  and  their  ducte 
are  longer.  The  duct  of  each  gland  passes  through  the  museularis 
mucosse,  and  opens  on  the  surface  of  the  mucous  membrane. 

Peter's  patches  are  found  in  greatest  abundance  in  the  lower  part 
of  the  ileum  near  to  the  ileo-csecal  valve.  They  consist  of  aggre^ted 
groups  of  lymphoid  nodules ;  they  vary  from  one  to  three  inches  in 
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length,  and  are  about  half-ao-inch  in  width,  chie6j  of  an  oval  fonn, 
their  long  axes  being  parallel  with  that  of  the  intestine.  They  are 
almost  always  placed  opposite  the  attachment  of  the  mesentery. 


^.ft 


Pio.  S8&. — Timnftr«rs0  Aoctl  an  tti  rough  foq  r 
ojyptl  of  Llobflrktlbu  from  the  Hrgia 
InimtiOfl  of  Uie  pig.  Thfiy  are  Unsd 
ti7  oolonibdr  epHhelEiil  ceUHt  tfae 
DOOlel  being  ]>1ftc«i]  in  iha  outer  [iint 
of  tba  Q«U*.  Till  Jfvl^ijions  b«tw««[L 
tib«  obIIi  lira  seon  as  Mntta  riidlatibg 
from  L*  tbfl  lamflu  of  tTio  <jrypt ;  ii\ 
H)HlbALi«1  cselisi  which  Uave  becoiDa 
trAaifbrm«d  Into  goblet  [:a];lB.  >;  H&O. 
(Eleln  fend  Noblo  SmlthO 


of  Ltebarkiibn  in 
lougtlndliiAl  nee- 
tlod,    CBrlnton.) 


When  the  lymphoid  nodules  occur  singly,  as  they  often  do  both  in 
small  and  large  intestineSi  thej  are  called  soliiari/  glands,  or  JoUicles, 


Fm.  SST,— Agniiiiftt«  folUolnj  or  Ppy^'n  ptiUih,  hx  ft  sUtfi  of  dtflteiiiion>     x  &.    (Boehm.) 

The  Large  Intestine  in  an  adult  is  from  about  4  to  6  feet  long; 
it  is  BuMivided  for  descriptive  purjioses  into  three  portions,  vi^. : — the 
emmim,  a  short  wide  pouch,  communicating  with  the  lower  end  of  the 
small  intestine  through  an  opening,  guarded  by  the  ileo-oEml  valve ; 
the  coUm^  continuons  with  the  ceBcum,  which  forms  the  principal 
part  of  th^  large  intestine,  and  iB  divided  into  ascending,  tranaversej 
and  descending  portions;  and  the  rectum,  which,  after  dilating  at 
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its  lower  part,  again  contmcta/and   immediately  afterwards  openB 
externally  through  the  anus.    Attached  to  the  csecum  is  the  small 

Like  the  sinall  intestine,  the  large  intestine  is  constructed  of  four 
coats,  viz.,  the  serous,  muscnlar,  submucous,  and  mucous*  The  serous 
coat  hascomieeted  with  it  tlie  small  processes  of  peritoneum  containing 
fat,  called  appendices  ^plmcm.  The  fibres  of  the  musmdar  coat,  like 
those  of  the  small  intestine,  are  arranged  in  two  layers — the  outer 
longitudinal,  the  inner  circular*  In  the  caecum  and  colon,  the  longi- 
tuifinal  fibres,  instead  of  being,  as  in  the  small  intestine,  thinly  dis- 
posed in  all  parts  of  the  wall  of  the  bowel,  are  collected,  for  the  moat 
part,  into  thr^  strong  bands,  which,  being  shorter,  from  ond  to  end,  than 
the  other  coats  of  the  Intestine,  hold  the  canal  in  folds,  bounding  in- 
termediate sacculi  On  the  division  of  these  bands»  the  intestine  can 
be  drawn  out  to  its  full  length,  and  it  then  assumes  a  uniformly 
cylindrical  form.  In  the  rectum,  the  fasciculi  of  these  longitudinal 
bands  spread  out  and  mingle  with  the  other  longitudinal  fibres^  form- 
ing with  them  a  thicker  layer  of  fibres  than  exists  in  any  other  part 
of  the  intestinal  canal  The  circular  muscular  fibres  are  spread  over 
the  whole  bowel,  but  are  somewhat  more  marked  in  the  intervals 
between  the  sacculi  Towards  the  lower  end  of  the  rectum  they 
become  more  numerous,  and  at  the  anus  they  form  a  strong  ring 
called  the  intmmal  ^hinder  muscle. 

The  muctyus  rnsmbram  of  the  large,  like  that  of  the  small  intestine, 
is  lined  throughout  by  columnar  epithelium,  but,  unlike  it,  is  quite 
destitute  of  viUi,  and  is  not  projected  in  the  form  of  vcdvuim  con- 
niventes.  It  is  bounded  below  by  the  musailaru  vfiucosm.  The 
arrangement  of  ganglia  and  nerve-fibres  in  the  large  resembles  that 
in  the  small  intestina 

Glands. — The  glands  with  whieh  the  large  intestine  is  provided 
are  simple  tuhidar  glands,  or  glands  of  Lieberkuhn ;  they  resemble 
those  of  the  small  intestine,  but  are  somewhat  larger  and  more 
numerous,  and  contain  a  very  great  number  of  goblet  cells ;  nodules  of 
ad^rmd  or  lymphoid  tissue  are  most  numerous  in  the  csecum  and 
vermiform  appendix.  They  resemble  in  shape  and  structure  the 
solitary  glands  of  the  small  intestma  Payer's  patches  are  not  found 
in  the  large  intestine, 

Eio-ccscal  Valvi, — The  ileo-csecal  valve  is  situated  at  the  place  of 
junction  of  the  small  with  the  large  intestine,  and  guards  against  any 
reflux  of  the  contents  of  the  latter  into  the  ileum.  It  is  composed  of 
two  semilunar  folds  of  mucous  membrane* 
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The  chief  chemical  com  pounds  or  proximate  principles  in  food  are: — 

L  Proteins   .         .         .         ,         ,        ^        .         ,         ,         ,1 

2.  Carbohydrates f  oiganic 

3.  Fats         .        , J 

4.  Water !;„«««„.%, 

.^,  Salts         .........        Jmorffamc. 

In  milk  and  in  eggs,  which  form  the  exclusive  foods  of  young 
animals,  all  varieties  of  these  proximate  principles  are  present  in 
suitable  proportions.  Hence  they  are  spoken  of  as  perfect  foods. 
Eggs,  though  a  perfect  food  for  the  developing  bird,  contain  too  little 
carbohydrate  for  a  mammal  In  most  vegetable  foods  carbohydrateB 
are  in  excess ;  while  in  animal  food,  like  meat,  the  protein  i  are  pre- 
dominant. In  a  suitable  diet  these  should  be  mixed  in  proper  pro- 
portions, which  must  vary  for  herbivorous  and  carnivorous  animals. 

A  healthy  and  suitable  diet  must  possess  the  following  cha- 
racters : — 

1.  It  must  contain  the  proper  amount  and  proportion  of  the 
various  proximate  principles. 

2.  It  must  be  adapted  to  the  climate ;  to  the  age  and  weight  of 
the  individual,  and  to  the  amount  of  work  done  by  him. 

3.  The  food  must  contain  not  only  the  necessary  amount  of 
proximate  principles,  but  these  must  be  present  in  a  digestible  form. 
As  an  instance  of  this,  many  vegetables  (peas,  beans,  lentils)  contain 
even  more  protein  than  beef  or  mutton,  but  are  not  so  nutritious,  as 
they  are  less  digestiblOp  much  passing  off  in  the  fiBces  unused. 

The  nutritive  value  of  a  diet  depends  chiefly  on  the  amount  of 
carbon  and  nitrogen  it  contains,  A  man  doing  a  moderate  amount  of 
work  and  taking  the  usual  diet  will  eliminate,  chiefly  from  the  lungs, 
in  the  form  of  carbonic  acid,  from  250  to  280  grammes  of  carbon  j?«r 
dism.  During  the  same  time  he  will  eliminate,  chiefly  in  the  form 
of  urea  in  the  urine,  about  15  to  18  grammes  of  nitrogen.  These 
substances  are  derived  partly  from  the  food  and  partly  from  the 
metabolism  of  the  tissuesi  various  forms  of  energy — mechanical  motion 
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and  beat  being  the  cbief — being  simultaneously  liberated.  During 
muscular  exereise  the  output  of  carbon  greatly  increases ;  the  increased 
excretion  of  nitrogeD  is  not  nearly  so  marked.  Taking,  then,  the 
state  of  moderate  exercise,  it  is  necessary  that  the  waste  should  be 
replaced  by  fresh  material  in  the  form  of  food ;  and  the  proportion 
of  carbon  to  nitrogen  should  be  the  same  as  in  the  excretions ;  250 

tto  16,  or  16*6  to  1,    The  proportion  of  carbon  to  nitrogen  in  protein 
is,  however,  63  to  15,  or  3*5  to  1.    The  extra  supply  of  carbon  must 
come  from  non-nitrogenous  food — vi^.,  fat  and  carbohydrate. 
Voit  gives  the  foUowing  daily  diet  :^ 


Protein. »        .        .        .  120  grms. 

Fat       .        ,        .        , M     „ 

Carbofaydt&te       .........  333     „ 

Eanke's  diet  closely  resembles  Moleschott's ;  it  is  — 

Protein. 100  grms* 

Fat ,        ,        .  ,  100     „ 

Carbobyfirate       ♦        . 250     „ 


Such  typical  diets  as  these  must  not  be  considered  as  more  than 
rough  averages  of  what  is  necessary  for  a  man  in  the  course  of  the 
day.  Actual  experience  shows  that  in  the  diets  of  different  nations 
there  are  considerable  variations  from  this  standard  without  the 
production  of  ill  effects.  Age,  and  the  amount  of  work  done,  also 
influence  the  amount  of  food  necessary ;  growing  children,  for  instance, 
require  a  relatively  rich  diet;  thus,  milk,  the  diet  of  the  infant,  is 
proportionally  twice  as  rich  in  proteins,  and  half  as  rich  again  in 
fats,  as  the  normal  diet  given  abova  During  work  mora  food  is 
necesaary  than  during  inactivity. 

Attention  has  recently  been  devoted  to  the  question  whether  aa 
much  protein  as  100  to  120  grammee  daily  is  really  necessary ,  and 
by  far  the  most  convincing  of  the  experiments  published  in  favour 
of  a  reductirm  are  those  carried  out  by  Chittenden  on  himself,  his 
colleagues,  his  students,  and  on  soldiers  and  athletes,  over  compara- 
tively long  periods  of  time.  The  protein  intake  was  reduced  to  half 
and  sometimes  to  lees  than  half  the  quantity  hitherto  regarded  as 
necessary.  The  deprivation  was  followed  by  no  untoward  results; 
bodily  equilibrium  was  maintained ;  the  health  remained  perfect  or 
improved ;  the  muscular  force  in  athletes  was  increased ;  mental 
acuity  was  undiminished,  and  desire  for  ricber  food  soon  disappeared 

It  may  be  freely  a^lmitted  that  the  majority  of  Well-to-do  people 
eat  too  much  protein;  there  are  not  many  who  limit  themselves 
even  to  Voit's  minimum,  and  in  those  who  are  prone  to  digestive  and 
uric  acid  diseases,  one  cannot  but  feal  that  improvement  in  Itody  and 
mind  would  be  the  result  of  more  tempcrato  Iiabitt. 

But  if  we  were  all  to  pertnanently  redtuse  our  diet  to  the 
Chittenden  level,  we  might  l^  living  i^erilously  near  tlia  margin; 


472 


rooD 


[CH-  XXTllL 


anj  unusnal  ab^lD,  such  aa  ptivmtioD  or  a  severe  iUna^^,  would  then 
find  lUB  mlhout  auj  resetre  of  outrietit  energy,  and  we  should 
probabljr  auflfear  more  sererelj  in  eonsequeDce.  The  poor  around  ub 
have  had  itabtii  mlms  to  BQUst  on  a  Chittenden  diet  for  years, 
whereas  Ohttteaden'a  eatperimeoti  only  lasted  montha,  and  nearly  aU 
ef  his  subjects  have  returned  aow  to  their  previous  diet  The 
imderfed  condition  of  the  poor  is  apparent,  and  is  not  such  as  to 
make  others  inclined  to  follow  their  example.  Id  counta-ies  like 
India,  where  the  vegetarian  native  population  is  diluted  with  the 
uieat^eating  white  races,  it  is  the  former  who  more  readily  succumb 
to  the  effects  of  disea;se.  The  recent  development  of  the  Japanese 
is  hy^  some  attributed  in  part  to  the  fact  that  they  are  accustoming 
themaelves  to  a  richer  nitrogenous  diet  than  they  took  in  the  past 

It  is  doubtfid  if  the  minimum  is  also  the  optimum.  We  take  in 
niotein,  and  rapidly  eliminate  most  of  its  nitrogen  as  urea,  without 
Wilding  it  up  first  into  the  body  tissuea;  but  some  is  wanted  by  the 
body  tissues  to  repair  their  waste,  and  some  of  the  cleavage  products 
qI  tlie  food-protein  are  especially  necessary  for  the  eyn thesis  of  tissue 
|iin>leui;  it  is  in  order  to  obtain  a  sufficient  quantity  of  these 
mtntj  cleavage  products  that  we  ingest  what  at  first  sight  is  an 
tnass  of  the  prtiteins  which  yield  thorn.  But  after  our  study  of 
i||M&ion  and  excretion,  we  shall  be  in  a  better  position  to  discuss 
IIm  question  more  fully,  and  we  shall  return  to  it  in  the  chapter 
(Chapter  XXXIX.). 

Milk, 

lioh  we  have  already  spoken  of  as  a  perfect  food,  is  only 
children.     For  those  who  are  older,  it  is  so  voluminous 

that  unpleasantly  large  quantities  of 
it  would  have  to  be  taken  in  the 
course  of  the  day  to  ensure  the  proper 
supply  of  nitrogen  and  carbon.  More- 
over, it  is  relatively  too  rich  in  protein 
and  fat.  It  also  contains  too  little 
iron  (Bunge):  hence  children  weaned 
lata  become  an£emic. 

The  microscope  reveals  that  it  con- 
sists of  two  parts :  a  clear  fluid  and  a 
number  of  minute  particles  that  float 
in  it.  These  consist  of  minute  oil 
globules,  var>dng  in  diameter  from 
0  0015  to  0  005  millimetre  (fig,  388). 

The  milk  secreted  during  the  first 

iod  cd&Btrum.     It  contains  very  little 

i  of  albumin  and  globulin  instead.     It 
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coagulates  like  white  of  egg  when  boiled.  Microscopically,  cells 
from  the  acini  of  the  mammary  gland  are  seen,  which  contain  fat 
globules  in  their  interior;  they  are  called  colmtrufrt  corpmcles. 

He&ction  and  SpaciBc  Gravity. — The  reaction  of  fresh  cow's 
milk  and  of  human  milk  is  amphoteric ;  that  is,  it  turns  blue  litmus 
red,  and  red  litmus  blue.  This  is  due  to  the  presence  of  both  acid  and 
alkaline  salts.  All  milk  readily  turnB  acid  or  sour  as  the  result  of 
fermentative  change,  part  of  its  lactose  being  transformed  into  lactic 
acid  The  specific  gravity  of  milk  is  usually  ascertained  with  the 
hydrometer.  That  of  normal  cow's  milk  varies  from  1028  to  1034, 
When  the  milk  is  skimmed  the  specific  gravity  rises,  owing  to  the 
removal  of  the  light  constituent,  the  fat,  to  1033  to  1037-  In  all 
cases  the  specific  gravity  of  water,  with  which  other  substances  are 
compared,  is  taken  as  1000, 

Composition, — Bung^  gives  the  following  table,  contrasting  the 
milk  of  woman,  and  the  cow  :■ — 


'        Woai*ii. 

i 

Oow. 

Fflr  «D  t. 

Proteins  (chiefly  cascinogen)       .             1  *7 

Butter  (fat) 8H 

LKCtose        .        .        .        *        ,             a-2 
Salta ,         0-J 

3-5 
B'7 

0-7 

Hence,  in  feeding  infanta  on  cow's  milk,  it  is  necessary  to  dilute  it, 
and  add  su^r  and  a  little  cream  to  make  it  approximately  equal  to 
natural  human  milk. 

The  Proteins  of  Milk. — The  principal  protein  in  milk  ia  called 
caseinogm ;  it  is  predpUahh  by  acids  such  as  acetic  acid,  and  also  by 
saturation  with  magneaium  sulphate,  or  half  saturation  with  ammonium 
sulphate,  so  resembling  globulins ;  it  is  ma^iUdtid  by  rennet  to  form 
ciimTk  Cheese  consists  of  casein  with  the  entangled  fat  The  other 
protein  in  milk  is  an  albumin.  It  is  present  in  small  quantities  only  ; 
it  differs  in  some  of  its  properties  (specific  rotation,  coagulation 
temperaturOi  etc,)  from  serum-albumin ;  it  is  called  latt^alhumin, 

The  Coagulation  of  Milk. — Hennet  is  the  agent  usually  empl<>yed 
for  this  purpose :  it  is  a  ferment  secreted  by  the  stomach,  especially 
in  Bucking  animals,  and  is  cenerally  obtained  from  the  calf. 

The  mird  consists  of  Uie  casein  and  entangled  fat:  the  liquid 
residue  called  whey  contains  the  sugar,  salta,  and  albumin  of  the  milk. 
There  is  also  a  small  quantity  of  a  new  protein  called  wheyprotmn^ 
which  differs  from  caseinogen  by  not  being  convertible  into  casein ; 
this  is  produced  by  the  decomposition  of  the  caseinogen  molecule 
during  the  process  of  curdling* 
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Tlio  curd  formed  in  human  milk  is  more  finely  divided  than  that 
In  oow's  milk ;  and  it  ia  mora  digeatibla  In  feeding  children  and 
invalids  on  cow's  milk,  the  lumpy  condition  of  the  ciml  may  be  ob- 
vintmt  by  the  addition  of  lime  water  or  barley  water  to  tho  milk. 
Thtire  nppears  to  be  no  chemical  difference  between  the  caseinogen  of 
huiaan  and  that  of  cow's  milk;  variations  in  the  amount  of  calcium 
■alts  and  of  citric  acid  account  for  the  differences  described. 

Tho  addition  of  rennet  produce  coagulation  in  milk,  provided 

thftt  a  aufflcient  amount  of  calcium  salts  is  present.     If  the  calcium 

lalta  are  precipitated  by  the  addition  of  potassium  oxalate,  rennet 

oausoa  no  formation  of  casein*     The  process  of  curdling  in  milk  is  a 

double  one ;  the  first  action  due  to  rennet  is  to  produce  a  change  in 

I  (jaseinogon ;  the  second  action   is   that  of  the  calcium  salt  which 

i|itiK5ijiitatea  the  altered  caseinogen  as  casein.     In  blood,  also,  calcium 

rtalta  ara  necessary  for  coagulation,  but  there  they  act  in  a  different 

Wftjfi  namalyi  in  the  production  of  fibria  ferment  (see  p.  424). 

Ouednogati  is  a  phospho-protein  (see  p.  411),  In  milk  it  is  com- 
Uneti  with  calcium  to  form  calcium  caseinogenate ;  when  acetic  acid 
ifl  addtnl  wo  therefore  get  calcium  acetate  and  free  caseinogen. 

The  Fats  of  Milk, — The  chemical  composition  of  the  fat  of  milk 

(tiuttt^r)  ia  very  hke  that  of  adipose  tiasua     It  consists  chiefly  of 

iiaUaitin,  stearin,  and  oleiru     There  are,  however,  smaller  quantities 

\^t  fata  derived  from  fatty  acids  lower  in  the  series,  especially  butyrin 

*      ■roin.     The  relation  between  these  varies  somewhat,  but  the 

ai  is  rouglily  as  follows : — Olein,  f ;  pabnitin,  ^ ;  stearin,  ^  ; 

Liapi"i*in,  and  caprylin,  xV^     The  old  statement  that  each 

die  U  aur rounded  by  a  film  of  caseinogen  is,  according  to 

ik'u   reliant  observations,  correct     Milk  also  contains  small 

'    yf  Imiithin,  a  phosphorised  fat;  of  cholesterin,  an  alcohol 

^'Ua  fat  in  its  solubilities,  and  a  yellow  fatty  pigment  or 

h  •  ar.  or  LaQto#e. — This  is  a  saccharose  (Ci^R^On)-     Its 

n»j  uly  lioeu  described  in  Chap.  XXV.,  p.  394. 

1  luliu  ^Whan  milk   is  allowed  to  stand    the  chief 

h  U  U  apt  Ui  undergo  is  a  conversion  of  a  part  of  its 

''  ■  i  ut     Tins  18  due  to  the  action  of  microHsrganisms, 

if  tilt*  milk  were  contained  in  closed  sterilised 

I  lui  cliange  produced  are  given  on  p,  395, 

111  formed  precipitates  a  portion  of  the 

.  *   liiUiV   u**t  U*  confounded  with  the  formation  of 

-^th^^'iut  whii^h  is  produced  by  rennet     There  are, 

^  uvviit  \^liirli,  liko  rennet,  produce  true  coagula^ 

i4lrt^Ug^  tu  Mllk.^ — When  yeast  is  added  to  nulk^ 
u  nM»it\\'  uiiJt»f|{0  tlie  alcoholic  fermentation.     Other 


mammbmt 
change,  aa  ta  tlia 
inverted,  thai ' 
and  il  ia 


abb  I* 
;  tka  lailk 

it(aea^S»5X 


_   '  lobm  mm  mimrnH  tad  pattUJj  norftWfll ;  uid 

tm  ih»  Hibtp^ttid  tide,  lb*  tf<a4al*r  sabilBDeftkaa  bmnwrtd  fee  ibov  t^  r«t1cutftf  locnll  of 

th*  «ni]MetfT»  tJiRii  tn  vhieb  tb9  b'***^*^^'**  looolw  nt  tfliiml :  1,  upper  p«n  of  tbf»  mmmma  or 

"~  '   ;  S,  amda;  t,  sabattanaciiii  iiaiiBt  oT  lUt ;  4,  nfUcakr  IocdU  qT  tlw  eonaectJTe-tisiun  which 

t  Um  t**— '*'**-^  labBluiev  «nd  eoDtote  Ihfl  &t:^  miawi ;  £.  one  of  tlnw  bwtfftniiifl  duct« 

mpM^  tomdi  ia«  BttmlllA  trhen  tbflj  op^^;  6.  on*  of  tiM  stou  Iftetat  or  nMnmin ;  T, 

» of  tl»  f&wlalBr  li^liidci  vlikli  btri  bseii  imATvtled ;  7\  othnri  innxrrt  toftUier.    (Lnncblc* j 

connected  both  with  the  skin  iii  front  and  th<?  glatid  behind ;  the  same  bond  of 
connection  extends  also  from  the  ufider  surfnef?  of  Uie  (jflftncl  to  the  sheathing 
connective  tissue  of  the  greftt  pedoml  muMi'l^  on  wlik'h  U  bea.  The  main  duets  of 
the  gkmdi  fjftaen  to  twentf  in  nuinberp  calktl  Uif  Im-tiprfrnM  ducts,  are  formed  by 
the  union  of  the  smaller  flobnlor)  duets,  and  o|>rn  by  iinalJ  separate  orifices  through 
the  nipple.  At  the  points  of  june^ofi  of  Jobukr  \\nvlM  to  form  lactiferous  ducts,  and 
just  before  these  enter  Uie  h«se  of  the  ninjtlc*  the  durU  ftrc  diluted  i  and  during  the 
period  of  active  secretiou  by  tfic  gland » t/ie  dilatations  form  fcscrvoirs  for  the  milk. 
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whicli  collects  in  ftiui  dUtisids  thetn.  The  walked  the  gtaod-ducUftfcromicd  of  ftnalsr 
witb  some  aostriped  mtiflcukr  tissue,  mud  mre  lined  intem&lly  bj  short  columnaf  mnd 

Tbe  nipple  it  eocajMsed  of  arcoEar  tissuct  &nd  contains  onstriped  mUAcular  fifaves. 
Blood-fcneb  ave  •!•<»  free) v  supplied  to  it,  so  as  to  g^ re  it  an  erectik  stnidiife.  On 
III  tiiflbce  mn  tot  leotitiTe  paptUc^ ;  and  around  it  is  a  small  «j^ea  or  nrfoia  at 
fiiiik  or  duk-tMedt  tfciit,  cq  wnicb  «f«  to  be  seen  small  projections  formed  hfj 

Bbod-vessek,  ncrres,  and  lymphatics  are  plentifully  supplied  to  the  imuninsfy 
gkiidi ;  title  c«libre  of  the  blood- resseU,  as  well  as  the  size  af  the  glands,  Tariea 
very  jpeatlj  ander  certain  conditioo^*  especially  those  of  pregnancy  and  lactation. 

'file  alTeoU  of  the  giandi  during  the  secreting  periods  are  found  to  be  lined 
with  short  columnar  cem  (see  tig.  390 J.  The  edges  of  the  t  ells  towaid^  the  lumen 
mav  be  irTegtilar  and  JAgsed,  and  the  remainder  of  the  alveolus  is  filled  up  with  the 
maierials  of  the  milk.  Ehirlng  the  intervak  between  the  acts  of  dischaigr,  the 
OoUi  of  the  alTeott  elongate  to  ward  ■»  the  lumen,  their  nuclei  divide,  aitd  in  Hie 
IMUl  of  the  cells  towaiSs  the  lumen  a  collection  of  oil  globules  and  of  other 
HlBteilals  takes  place. 

The  aext  stage  is  that  the  ceUs  divide  and  the  part  of  each  towards  the  luntea 
containing  a  nucleus  and  the  materials  of  the  sct^zetion.  disintegrates  and  goes  to 
fiorni  the  constituents  of  the  milk 

In  the  earlier  day^  of  Uetation,  epithelial 
cells  only  partially  transformed  are  discharged  in 
the   seerefion ;   these  are    termed   rohMtmm    tor^ 

pusr!rt. 

During  pregnant^  the  mammary  glands 
undergo  changes  (*r*rr>/M//o«)  which  are  readily 
observable-  They  enlarge,  bec^ome  harder,  and 
more  distlnt'tly  lobulatcd ;  the  veins  on  the  sur- 
face tiecome  more  proriiinent*  The  areola  becomes 
enlarged  and  dusky,  with  projecting  papillee  j  the 
nipple,  ton,  becomes  more  prominent «  and  milk  can 
tie  ^pquc<■sctl  from  the  orifices  of  the  ducts.  This  is 
a  very  gradual  p?o<*eas,  which  commences  about 
the  time  of  conception,  and  progresses  steadily 
during  the  whrjle  pirlod  of  gestation.  In  the 
gland  itst'lf  stilki  columns  of  cells  bud  off  from 
the  old  alveoli  t/>  (bnu   new  alveoli     But  these 

Sfc  nHY^*"*'  e^  of  a  nbort  ^^^^^  columns  after  a  while  are  converted  into 
laSSf  frfm.  \  wo.  (V,  II*  tubes  by  the  central  cells  becoming  fatty  and  beif^g 
rtii>)  discharge    as    the    colostrum    corpuscles    iiboTe 

mentioned.     After  the  end  of  liu  tation,  the  mamma 
returns  to  its  original  size  (imrolutiitn).     Th*-  acini,  In  the  early  stages  of 
,  iin'  lined  with  cells  in  all  degrees  of  vatruolntion.    As  involution  pro- 
it  Int  dluilnlsh  considerably  in  size,  and  at  Icn^rlh,  instead  of  a  mosaic  of 
o.itid  I  ells  (twenty  to  thirty  in  eai'h  acinus),  we  have  five  or  six  nucJei 


¥^^*.i 


.^twtktci  of  iii«niinary  gi^itd 
iltoli,  »bowLu£  uUU^  lined 
WlUiill^  iwm  of  a  nbort 

niiir  l^m.    ^  WO.  (V,  L». 
irtli.) 


Hit  HUfrfiiihding  protoplasm)  lying  in  an  irregular  henp  within  the  acinus 
the  mammary  gland  have  yet  been  discovered. 


It  is 


of 

niit,  hut  that  the  normal  stimulus  to  mammary  activity  is  a 
'   Hie  ftrtus  during  its  residence  in  the  uterus,     E^trttcts  of 
>\0  ^ll'gin   rabbits  leads   to  incomplete  rf^nlution  of  the 
Un^  iind  Lnnc-Claypon). 


Ill  Uvli  iHtiiutrv  the  em  of  hens  and  ducks  are  those  particularly 
\{mUM\  H  Th0  iwnf  constituent  of  the  shell  is  calcium  car- 

kcuviii^      '  H*  in  oomiioBod  of  a  richly  albtmiinous  fluid  enclosed 

in  u  t4utWiM  h  i4  tUiiior  tind  luore  tibroua  material    The  amount  of 
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solids  is  13'3  per  oeat ;  of  this,  12*2  is  protein  in  nature  (egg -albumin. 
with  smaller  quantities  of  egg-globulin,  and  of  a  mucinoid  suhstance 
called  ovo-muooid),  and  the  remainder  is  made  up  of  sugar  (0'5  per 
ceat),  traces  of  fats,  lecithin  and  choleBtem,  and  06  per  cent  of 
iBarganic  salta  The  yolk  is  rich  in  food  materials  for  the  develop- 
ment of  the  future  embryo.  In  it  there  are  two  varieties  of  yolle- 
apheniles,  one  kind  yellow  and  opaque  (due  to  admixture  with  fat 
and  a  yellow  lipochrome),  and  the  other  smaller,  transparent  and 
almost  colourless;  these  are  protein  in  nature,  consisting  of  the 
phospho*protein  called  viiellin.  Small  quantities  of  BUgar,  lecithin, 
cfaolesterin  and  inorganic  salts  are  also  present. 

The  nutritive  value  of  eggs  is  high,  as  they  are  so  readily  digest- 
ible ;  but  the  more  an  egg  is  cooked  the  more  insoluble  do  its  protein 
constituents  become. 

Meat. 

This  LB  composed  of  the  muscular  and  connective  (including  adipose) 
tissues  of  certain  animals.  The  Sesh  of  some  animals  is  not  eaten ; 
in  some  cases  this  is  a  matter  of  fashion,  in  others,  owing  to  an 
unpleasant  taste,  such  as  the  flesh  of  camivora  is  said  to  have ;  and 
in  othOT  cases  («.^.  the  horse)  because  it  is  more  lucrative  to  use  the 
animal  as  a  beast  of  burden. 

Meat  is  the  most  concentrated  and  most  easily  assimilable  of 
nitrogenoue  fooda  It  is  our  chief  source  of  nitrogen*  Its  chief  solid 
constituent  is  protein^  and  the  principal  protein  is  myosin.  In  addition 
to  the  extractives  and  salts  contained  in  muscle,  there  is  always  a 
certain  percentage  of  fat,  even  though  all  visible  adipose  tissue  is 
dissected  off.  The  fat-cells  are  placed  between  the  muscular  fibres, 
and  the  amoimt  of  fat  so  situated  varies  in  different  animals ;  it  is 
particularly  abundant  in  pork ;  hence  the  indigestibility  of  this  form 
of  flesh :  the  fat  prevents  the  gastric  juice  from  obtaining  ready  access 
to  the  muscular  fibres. 

The  following  table  gives  the  chief  substances  in  some  of  the 
principal  meats  used  as  food: — 


C3onfltltd«ntJi. 

Ox. 

Gklf. 

pfg. 

n^n*. 

'  F^wl, 

Pike^ 

1 

Water 

76-7 

76-6 

72*6 

n-3 

70-8 

7»'3  ' 

Solid*  .       .        .        ,        . 

23-3 

24*4 

27-4 

257 

2ft-2 

20-7 

PnTteinSt  including  gdadn  ' 

20-0 

10-4 

lfi'9 

2V$ 

22'7 

18-3  ' 

Fat      .        .        .        ,        . 

J-5 

2-9 

6-2 

2-6 

4n 

0-7 

Carbohydrate 

0^6 

0-8 

0-6 

0-6 

1^3 

0*9 

Sftlts     ,        ,        ,        ,        , 

\^ 

ra 

l-l 

ro 

VI 

0*8 

*  Tlie  Aesh  of  foung  animals  Jt  richer  in  gdatin 
parts  of  beef  yidd  6,  of  Te#I  50,  parts  of  gelatin. 
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The  krge  percentage  of  water  in  meat  should  be  particularly 
noted ;  if  a  man  wished  to  take  his  daily  supply  of  100  grammes  of 
protein  entirely  in  the  form  of  meat,  it  would  be  necesaary  for  him 
to  consume  about  500  gratmnee  (ie„  a  little  more  than  1  lb.)  of  meat 

Flour. 

The  best  wheat  flour  is  mad©  from  the  interior  of  wheat  grains, 
and  contains  the  greater  proportion  of  the  starch  of  the  grain  and 
most  of  the  protein.  Whole  flour  is  made  from  the  whole  grain 
minus  the  husk,  and  thus  contains  not  only  the  white  interior  but 
also  the  harder  and  browner  outer  portion  of  the  grain.  This  outer 
region  contaius  a  somewhat  larger  proportion  of  the  proteins  of  the 
grain.  Whole  flour  contains  1  to  2  per  cent  more  protein  than  the 
beat  white  flour,  but  it  has  the  disadvantage  of  being  less  readOy 
digested.  Brown  flour  contains  a  certain  amount  of  bran  in  addition ; 
it  is  still  less  digestible,  but  is  useful  aa  a  mild  laxative,  the  insoluble 
cellulose  mechanically  irritating  the  intestinal  canal  as  it  passes  along. 

The  best  flour  contains  very  little  sugar.  The  presence  of  sugar 
indicates  that  germination  has  commenced  in  the  grains.  In  the 
manufacture  of  malt  from  barley  this  is  purposely  allowed  to  go  on. 

When  mixed  with  water,  wheat  flour  forms  a  sticky,  adhesive  mass 
called  dough.  This  is  due  to  the  formation  of  gluten,  and  the  forms  of 
grain  poor  Id  gluten  caimot  be  made  into  dough  (oatSi  rice,  ete,)*  Gluten 
is  a  mixture  of  several  proteins  (gliadiui  mucedin,  gluten -fibrin,  etc). 

The  following  table  contrasts  the  composition  of  some  of  the  more 
important  vegetable  foods : — 


OCKI«Uttl«QU. 

WlMSt. 

Bvlff. 

Otttt. 

m.. 

L«n^«. 

Fttu. 

PbtntoM, 

WfttCT,           . 

136 

13*8 

12-4 

la-i 

12-5 

14*8 

7e-o 

Protefn 

12* 

111 

10*4 

7-9 

24^8 

23*7 

2-0 

F«t      .        . 

1*4 

2-2 

5-2 

0-9 

1-0 

I'fl 

0-2 

Starch 

67*9 

64*9 

67*a 

70*6 

64*8 

49^3 

20*6 

CeUulose     . 

2-5 

5*3 

11-2 

o*e 

3*0 

7*6 

0<7 

Mineml  salts 

PS 

2-7 

s-o 

1*0 

2*4 

81 

lU 

We  see  from  this  table — 

1.  The  great  quantity  of  starch  always  present. 

2.  The  small  quantity  of  fat ;  that  bread  is  generally  eaten  with 
butter  ia  a  popular  recognition  of  this  fact. 

3.  Protein,  except  in  potatoes,  is  pretty  abundant*  and  ©specially 
80  in  the  pulses  (lentils,  peas,  etc.).  The  protein  in  the  pulses  is  not 
gluten,  but  consistfl  of  vitellin  and  globuliu-Iike  substances. 

In  the  mineral  matters  in  vegetables,  salts  of  potassium  and 
magnesium  are,  as  a  rule,  more  abundant  than  those  of  sodium  and 
calcium. 
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Bread 

Bread  ia  made  by  cooking  the  dough  of  wheat  flour  mixed  with 
yeast,  salt,  and  flavouring  materials.  A  ferment  in  the  flour  act»  at 
the  commencement  of  the  proceea,  when  the  temperature  is  kept  a 
little  over  that  of  the  body,  and  forms  dextrin  and  sugar  from  the 
starch,  and  then  the  alcoholic  fermentation,  due  to  the  action  of  the 
yeast,  begina.  The  bubbles  of  carbonic  acid,  burrowing  paasagei 
through  the  bread,  make  it  light  and  spongy.  This  enabloa  the 
digestive  juices  subsequently  to  soak  into  it  readily  and  affect  all 
[wtBof  it.  In  the  later  stages,  viz,,  baking,  the  temperature  is  raised^ 
ibB  gas  and  alcohol  are  expelled  from  the  bread,  the  yeast  is  killod, 
and  a  crust  forms  from  the  dr^'ing  of  the  outer  portions  of  the  dough* 

White  bread  contains,  in  100  parts,  7  to  10  of  protein,  55  of 
carbohydrates,  1  of  fat,  2  of  salts,  and  the  rest  water. 

Cooking  of  Food. 

The  cooking  of  foods  is  a  development  of  civUiBatioii  and  sorvot 
many  useful  ends : — 

1,  It  destroys  all  parasites  and  danger  of  infection.  This  relatoii 
not  only  to  bacterial  growths,  but  also  to  larger  panisitos,  nuoh  ai 
tapeworms  and  trichinae. 

2,  In  the  case  of  vegetable  foods  it  breaks  up  the  staroh  graini, 
borsting  the  cellulose  and  allowing  the  digestive  juioes  to  come  into 
contact  with  the  granulosa 

3,  In  the  case  of  animal  foods  it  converts  tho  insoluMo  callagon  of 
the  universally  distributed  connective  tissues  into  the  wolulilo  gulatin. 
The  loosening  of  the  fibres  is  assisted  by  the  formation  of  Htoam 
between  them.  By  thus  loosening  the  binding  material,  the  more 
important  elements  of  the  food,  snch  as  muscular  fibres,  arc  reiidoT6d 
accessible  to  the  gastric  and  other  juices.  Meat  before  it  is  cooked  is 
generally  kept  a  certain  length  of  time  to  allow  rigcr  martu  to  pass  off. 

Of  the  two  chief  methods  of  cooking,  roasting  and  iMjihng,  the 
former  is  the  more  economical,  as  by  its  means  tho  meat  is  first  sur- 
rounded with  a  coat  of  coagulated  protein  on  its  exterior,  which  keeps 
in  the  juices  to  a  great  extent,  letting  little  else  escape  but  the  drip- 
ping (fat).  Whereas  in  boiling,  unless  both  bouillon  and  bouilli  are  used, 
there  is  considerable  waste.  Cooking,  especially  boiling,  renders  the 
proteins  more  insoluble  than  they  are  in  the  raw  state ;  but  this  is 
counterbalanced  by  the  other  advantages  that  cooking  possesses. 

In  making  be^  tea  and  similar  extracts  of  meat  it  is  necessary 
that  the  meat  should  be  placed  in  cold  water,  and  this  is  gradually 
and  carefully  warmed.  In  boiling  a  joint  it  is  usual  to  put  the  meat 
into  boiling  water  at  once,  so  that  the  outer  part  is  coagulated,  and 
the  loss  of  material  minimised. 


I 


toon 


iCfL  XXTHL 


An  extremely  important  point  in  this  connection  is  that  beef  tea 
and  similar  meat  extracts  Bboold  not  be  regarded  as  foods.  Thej  are 
valuable  as  pleasant  stimulating  drinks  for  invalids,  but  thej  contain 
very  little  of  the  nutritive  material  of  the  meat>  their  chief  con- 
stituents, next  to  water^  being  the  salts  and  extractives  of  flesh, 

&mp  contains  the  extractives  of  meat,  a  very  small  proportion  of 
the  myosin,  and  the  principal  part  of  the  gelatin.  The  gelatin  is 
usually  increased  by  adding  bones  and  fibrous  tissue  to  the  stock.  It 
is  the  presence  of  this  substance  which  cauaes  sonp  when  cold  to 
gelatinise. 

Acoeseoriea  to  Food. 

Among  these  must  be  placed  alcohol^  the  value  of  which  within 
moderate  limits  is  not  as  a  food  but  as  a  stimulant;  condiments 
(mustard,  pepper,  ginger,  curry  powder,  etc.),  which  are  stomachic 

stimulants,  the  abuse  of  which  is  followed  by  dyspeptic  troubles; 
and  tea,  coffee,  cocoa,  and  simitar  drinks.  These  are  stimulants 
chiefly  to  the  nervous  system ;  tea,  coffee,  mat<^  (Paraguay),  guarana 
(Brazil),  cola  nut  (Central  Africa),  bush  tea  (South  Africa),  and 
a  few  other  plants  used  in  various  countries  aU  owe  their  chief 
property  to  an  alkaloid  called  iheim  or  cagnm  (CgHi^N^Og) ;  cocoa  to 
the  closely  related  alkaloid,  theobromins  (C^HyN^O^) ;  coca  to  cocaine. 
Those  alkaloids  are  all  poisonous,  and  used  in  excess,  even  in  the  form 
of  infusions  of  tea  and  coffee,  produce  over -excitement,  loss  of  diges- 
tive power,  and  other  disorders  well  known  to  physicians.  Coffee 
differs  from  tea  in  being  rich  in  aromatic  matters;  tea  contains  a 
bitter  principle,  tannin ;  to  avoid  the  injurious  solution  of  too  much 
tannin,  tea  should  only  be  allowed  to  infuse  (draw)  for  a  few  minutes. 
Cocoa  is  not  only  a  stimulant,  but  a  food  in  addition ;  it  contains 
about  50  per  cent,  of  fat,  and  12  per  cent  of  protein.  In  manufac- 
tured cocoa,  the  amount  of  fat  is  reduced  to  30  per  cent.,  and  the 
amount  of  protein  rises  proportionately  to  about  20  per  cent.  The 
quantity  of  cocoa  usually  consumed  is  too  small  for  these  food 
materials  to  count  very  much  iii  the  daily  supply.  The  amount  of 
protein  in  solution  (mainly  proteose)  in  a  breakfast  cup  of  cocoa  is 
under  half  a  gramme ;  most  of  the  food  8 tuffs  are  in  suspension,  for 
cocoa  is  drunk  '*  thick,"  not  as  a  clear  infusion, 

Grmn  vegetables  are  taken  as  a  palatable  adjunct  to  other  foods, 
rather  than  for  their  nutritive  properties.  Their  potassium  salts  are, 
however,  abundant  Cabbage,  tnmips,  and  asparagus  contain  80  k» 
92  water,  1  to  2  protein,  2  to  4  carbohydrates,  and  1  to  1^5  cellulose 
per  cent.  The  small  amount  of  nutriment  in  most  green  foods 
accounts  for  the  large  meals  made  by,  and  the  vast  capacity  of  the 
alimentary  canal  of,  herbivorous  animals. 
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Bmore  passiag  on  to  the  action  of  the  digestive  aecretions  on  foocle, 
it  will  be  well  to  discuss  the  varieties  of  glands  hy  means  of  which 
these  substances  are  formed. 

It  ia  the  function  of  gknd-cells  to  produce  by  the  metabolism  of 
their  protoplasm  certain  substaneea  called  secretiomL  These  materials 
are  of  two  kinds,  viz.,  those  which  are  employed  for  the  purpose  of 
serrmg  some  ulterior  office  in  the  economy^  and  thoee  which  are  dis- 
charged from  the  body  as  useless  or  injurious*  In  the  fonn^  case 
the  separated  materials  are  termed  mirretwm;  in  the  latter  they  are 
termed  excrdiorm. 

The  secretions,  as  a  rule,  consist  of  enbstances  which  do  not  pre- 
exist in  the  same  form  in  the  blood,  bat  require  special  cells  and  a 
process  of  elaboration  for  their  formation,  e.g,,  the  liver  cells  for  tho 
formation  of  bile,  the  mammary  gland-cells  for  the  formation  of  milk. 
The  excretions,  on  the  other  hand,  commonly  consist  of  substancoB 
which  exist  ready-formed  in  the  blood,  and  are  merely  altstraeled 
therefrom.  If  from  any  cause,  such  as  extensive  disease  or  extirpa- 
tion of  an  excretory  organ>  the  separation  of  an  excretion  ia  prevented, 
and  an  accumulation  of  it  in  the  blood  ensues,  it  frequantly  escapes 
through  other  organs,  and  may  be  detected  in  various  floids  of  the 
body.  An  instance  of  this  is  seen  after  the  kidneys  have  been 
removed.  Urea  then  accumulates  in  the  blooA  But  this  is  never  the 
case  with  secretions ;  for,  after  the  removal  of  the  special  organ  by 
which  each  of  them  is  manufactured,  the  secretion  is  no  longer  formed. 

The  circumstances  of  their  fonnation,  and  their  final  destination, 
are,  however,  the  only  particulars  in  which  secretions  and  excretions 
can  be  distiuguiHhed ;  for,  in  general,  tho  structure  of  the  parts 
engaged  in  eliminating  excretions  is  as  complex  as  that  of  tlie  parts 
concerned  in  the  formation  of  secretions.  It  will,  therefore,  be 
sufficient  to  speak  in  general  terms  of  the  process. 

Every  secreting  apparatus  consists  essentially  of  a  layer  of  secret* 
ing  cells  arranged  round  a  central  cavity ;  they  take  from  the  lymph 
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which  bathea  them  the  necessary  material,  and  transform  it  into  the 
secretion  which  thej  pour  at  high  pressure  into  the  cavity. 

The  principal  aecretiug  organs  are  the  following :-"(!)  the 
synovial  membranes ;  (2)  the  mucous  membranes  with  their  special 
glands,  e.g.,  the  buccal,  gastric  and  intestinal  glands ;  (3)  the  salivary 
glands  and  pancreas ;  (4)  the  mammary  glands ;  (5)  the  liver ;  (6)  the 
lacrimal  gland ;  (7)  the  kidney  and  akin ;  and  (8)  the  testes. 

The  synovia-l  membranes  line  the  joints  and  the  sheaths  of 
tendons  and  Hgaments  witli  which  we  may  include  the   synovial 

huTsm.  The  contents  of  these 
sacs  is  called  synmia ;  it  lubri- 
cates the  surfaces  of  the  joint, 
and  80  ensures  an  easy  move- 
ment. Synovia  is  a  rich  lymph 
pltis  a  mucinoid  material ;  and 
it  is  this  latter  constituent 
which  gives  the  secretion  its 
viscidity.  It  is  thus  a  true 
secretion;  and  is  formed  by 
the  epithehal  cells  which  form 
an  imperfect  lining  to  the  sac, 
and  which  are  especially  accu- 
mulated on  the  processes  of 
the  synovial  fringes  (fig.  391). 
A  mucotis  membrane 
consists  of  two  parts :  the 
epithdium  on  its  surface,  and 
the  corium  of  connective 
tissue  toneath.  The  epithe- 
lium generally  rests  on  a  liase- 
ment  membrane  which  is  usu- 
ally composed  of  clear  flattened 
cells  placed  edge  to  edge. 
The  name  mucous  is  derived  from  the  fact  that  nearly  all  these 
membmnes  secrete  mucins  the  chief  constituent  of  mti^cm;  this  may 
be  formed  from  the  surface  epitheliimi  cells  breaking  down  into  goblet 
cells  (see  p.  26),  or  an  analogous  process  may  occur  in  the  cells  of 
little  glands  called  mucous  glands,  situated  more  or  less  deeply 
under  the  epithehum,  and  opening  on  the  surface  by  ducts.  Many 
mucous  membranes  (0.^.,  that  of  the  stomach)  form  other  secretions 
as  well. 

Mucous  membranes  line  all  those  passages  by  which  internal  parts 
communicate  with  tbe  exterior.  The  principal  tracts  are  the  Digestive, 
Brnpiratortj,  and  OenUo-urinary, 

Secreting  glanda  may  l^  classified  according  to  certain    Lypea, 
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called  hibuio-raceniose  or  lubtdQ-adnm^  glanda.  Theee  glands  differ 
from  each  other  only  in  secondary  points  of  strncture,  but  all  have 
the  same  essential  character  in  consisting  of  rounded  groupa  of 
vesicles  containing  giand-cells,  and  opeaiDg  by  a  common  central 
cavity  into  minute  ducts,  which  ducts  in  the  Urge  glands  converge 
and  unite  to  form  larger  and  larger  tubes,  and  at  length  open  by  one 
common  trunk  on  a  free  surface.  The  larger  racemose  glands,  like  the 
sahvary  glands,  are  called  compound  rmcmnom  glanda. 


Bleetrlcal  Variations  lii  G-lands. 

These  hsTe  been  studied  Id  manj  glandular  ofgans,  but  especlaUy  in  the 
saUvary  glands  and  skin* 

In  the  submaxillarf  gland  the  hilus  is  electro-negative  to  the  external  surface 
of  Uie  organ  ;  a  current  therefore  passes  from  hllus  to  surface  through  the  galyano- 
meter.  If  the  chorda  tympani  is  stimulated  by  rapidly  interrupted  shacks,  the 
surface  becomes  still  more  positive.  This  is  the  opposite  to  Wnat  occurs  in  a 
muscle  ;  there  the  current  or  action  is  in  the  reverse  direction  to  the  demarcation 
current ;  the  ciiange  in  the  gland  is  a  positive  variation  in  the  arfthnieticttl  sense. 
This  is  abolished  by  a  small  dose  of  atropine  \  stimulation  then  causes  a  small 
negative  variation  which  is  abolished  by  a  largt-r  dose  of  atropine. 

If,  before  atropine  is  given ^  slowly  interrupted  shocks  are  used,  or  rapidly 
interrupted  shocks  too  wea.k  to  excite  secretion  are  employed,  the  electrical  response 
of  the  organ  is  a  negative  variation.  The  same  is  true  for  stimulation  of  the 
sympathetic.  Single  induction  shocks  applied  to  the  chorda  tympani  cause  a 
diphasic  variation,  (irst  the  surface  of  the  gland  becoming  more  positive  and  then 
the  hilus^ 

The  two  changes  are  believed  to  be  due  to  the  fact  that  secretory  nerves  are  of 
two  kinds  x  anaboliCi  which  increase  the  building  up  of  the  glandular  protoplasm; 
and  katabolic,  which  increase  the  disintegrative  side  of  metabolism,  and  so  lead  to 
secretion. 

It  is  important  to  reraeraber  the  eitistence  of  the  skin  currents,  for  they  interfere 
with  any  attempt  to  determine  the  electrical  change  in  muscles  through  the  intact 
skin.  This  interference  will  naturally  be  greater,  the  richer  the  jjortion  of  skin  is, 
in  secreting  glands. 

The  most  satisfactory  work  on  skin  currents  is  that  recently  carried  out  by 
Waller.  lie  3^>eaks  of  them  as  glandular  and  epithelial,  and  regards  them  as 
iuiportant  signs  of  life  here  as  in  other  tissues  (eye,  muscle,  nerve,  plant  tissues, 
etc }  which  he  has  studied.  He  has  worked  with  the  skin  of  the  frog,  cat,  and 
other  animals,  including^  fresh  human  skin  obtained  ^m  surgical  operations.  The 
skin  may  be  excited  either  directly  or  indirecUy  tiirough  the  nerves  that  supply  it 
The  main  results  obtained  are  very  simple,  and  are  alsotrue  for  mucous  membranes, 
and  such  ejjithelial  structures  as  the  crystalline  lens.  The  normal  current  of 
irnejccited  living  skin  is  ingoing.  The  normal  response  of  excited  skin  is  outgoing. 
This  is  explaitied  in  the  following  way : — In  a  passive  mass  of  liviikg  animal 
tnaterial  acted  upon  by  its  environment,  there  must  be  most  change  occurring  on  its 
surfttL'e,  a  point  on  the  surface  will  therefore  be  electropositive  to  any  point  in  the 
Interior.  If  the  same  mass  is  excited,  <-hemical  changes  will  be  greater  in  its 
interior  than  at  the  surface  ;  hence  internal  points  become  less  electronegative  than 
they  were  before,  or  even  electropositive  in  relation  to  the  external  surface,  hence 
the  current  of  m-tion  through  tl^e  mass  of  skin  is  outgoing,  and  will  therefore  pass 
through  the  galvanometer  from  the  external  to  the  internal  surface. 


CHAPTEH   XXX 


SALITA 


The  saliva  is  formed  bj  three  pairs  of  salivary  glands,  called  the 
parotid,  submaxillary,  and  aublingua!  glands. 


The  Salivary  Glands. 

These  are  typiGal  secreting  glanclg.  They  are  made  up  of  iohules 
united  by  connective  tisBue,  Each  lobule  is  made  of  a  group  of  tubulo- 
saccular  alveoli  or  acini,  from  which  a  duet  passes ;  this  unites  with 
other  ducts  to  form  larger  and  larger 
tubes,  the  main  duct  opening  into  the 
mouth. 

Each  alveolus  is  smroimded  by  a 
plexus  of  capillaries ;  the  lymph  which 
exudes  from  these  is  in  direct  contact 
with  the  basement  membrane  that  en- 
closes the  alveolus.  The  basement  mem- 
brane is  lined  by  secreting  cells  which 
surround  the  central  cavity  or  lumen. 
The  tmsement  membrane  is  thin  in 
many  places,  to  allow  the  lymph  more 
ready  access  to  the  secreting  cells;  it 
is  continued  along  the  ducts. 

The  secreting  epithelium  is  com- 
posed of  a  layer  of  polyhedral  cells. 

The  epithelium  of  the  ducts  is  columnar,  except  where  it  passes 
into  an  alveolus ;  at  this  point  it  is  flattened.  The  columnar  epithelium 
cells  of  the  ducts  exhibit  striations  in  their  outer  part  (see  fig.  393) ; 
the  inner  zone  bf  each  cell  is  made  of  granular  protoplasm.  The 
largest  ducts  have  a  wall  of  connective  tissue  outside  the  Ijasement 
membrane,  and  a  few  unstriated  muscular  fibres. 

The  secreting  cells  differ  according  to  the  substance  they  secrete. 
In  alveoli  that  secrete  mucin  (such  as  those  in  the  dog^s  submaxillary, 
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and  some  of  the  alveoli  in  the  human  submaxillary)  the  cells  after 
treatment  with  water  or  alcohol  are  clear  and  swollen  (fig,  395);  this 
is  the  appearance  they  usually  present  in  sectians  of  the  organ.  But 
if  examined  in  their  natural  state  by  teasing  a  portion  of  the  fresh 


Fill,  SJU.-^Swttoti  or  smbtnajtillmrr  gltud  of  dog.    ^bowing  gUind-««[llri^  b,  a^ik  &  Aw^u  ^t  h*  in  sHwtloii. 

gland  in  aeruna,  they  are  seen  to  be  occupied  by  large  granules  com- 
posetl  of  a  substance  known  as  mudgmi  or  viuGinogtm.  When  the 
gknd  is  active,  mucigen  is  transformed  into  mucin  and  discharged  as 
a  clear  droplet  of  that  su&stance  into  the  lumen  of  the  alveolus.  Out- 
side these  are  smaller,  highly 
granular  cells  containing  no 
mucigen ;  these  marginal  cells 
stain  darkly,  and  generally  form 
crescentic  groups  {m-esGmUs  or 
demilunes  of  Gianiizzi)  next  to 
the  basement  membrane.  They 
do  not  secrete  mucin,  but  are 
albuminous  cells,  After  secretion 
their  granules  are  lessened.  The 
demilunes  are  therefore  easily 
seen  in  the  gland  before  secretion 
owing  to  the  contrast  they  ex- 
hibit to  the  cells  loaded  with 
mucin. 

In  those  alveoli  which  do  not 
secrete  mucin,  but  a  watery  non- viscid  saliva  (parotid,  and  some  of 
the  alveoli  of  the  human  submaxillary),  the  cells  are  tilled  with  small 
granules  of  albuminous  nature.  Such  alveoli  are  called  sm'ma  or 
aJhuminoi(>s,  to  distinguish  them  from  the  mtLCQtis  alveoli  we  have  just 
descriljed. 

These  yield  to  the  secretion  its  ferment,  ptyalin.    The  granular 


Pitu  9115,— Section  through  a  mueoua  plKrid 
hHrckned  in  utoabol.  Tlie  *W«ll  an>  lined 
witb  tT^Dflpaneiit  mucouji  o«l1fl,  and  outside 
Hums  ■!«  tue  domUim«.    (Hetdnnhftln^) 
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substance  within  the  cell  is  the  mother  substance  of  the  ferment 
{zymogen),  not  the  ferment  itsell  It  is  converted  into  the  ferment 
in  the  act  of  secretion.  We  shall  stndy  the  question  of  zymogens 
more  fully  in  connection  with  the  gastric  glands  and  the  pancreas, 
where  they  have  been  separated  from  the  ferments  by  chemical  methods. 
In  the  case  of  saliva  we  may  term  the  zymogen,  ptyaliTwgtn  provision- 
ally, but  it  has  never  lieen  satiafactorily  separated  chemically  from 
ptyalin. 

After  secretion,  due  to  the  administration  of  food  or  of  such  a 
drug  as  pilocarpine,  the  cells  shrink*  they  stain  more  readUy,  their 


ti*j.  Si^.-'AJiv'frulj,  of  p&rotiJ  glatu!.     A,  before  seei^Uoti ;  B^  la  the  drat  st4ige  of  sfrc-ff^tlon ;  C,  »fU*r 
prolyl] ged  Aec ration,    {Lmiglvy.) 

nuclei  become  more  confipicuous,  and  the  outer  part  of  each  cell  becomes 
clear  and  free  from  granules  (fig.  396). 


The  Secretory  Nerves  of  Salivary  Glands. 

The  Submaxillary  and  Subungual  Glands.  —  These  glands 
have  been  mainly  studied  in  the  dog ;  they  receive  two  sets  of  nerve- 
fibres  ;  namely,  from  the  chordi  tyrapani  and  the  sympathetic. 

The  chorda  tympani  is  given  off  from  the  seventh  cranial  nerve  in 
the  region  of  the  tympanum.  After  quitting  the  temporal  bone  it 
passes  downwards  and  forwards,  and  joins  the  hngnal  nerve,  with 
which  it  is  bound  up  for  a  short  distance.  On  leaving  the  lingual 
nerve  it  traverses  the  suhmaxiUary  ganglion ;  it  then  runs  parallel  to 
the  duct  of  the  gland,  gives  off  a  bntnch  to  the  sublingual  gland,  and 
others  to  the  tongue.  The  main  nerv'e  enters  the  hilua  of  the  sub- 
maxillary gland,  where  it  traverses  a  scattered  collection  of  gang] f on 
cells  concealed  within  the  substance  of  the  gland,  and  which  ujay 
be  called  after  its  discoverer,  Langley*$  ganglion. 

The  sympatheiic  branches  to  these  two  glands  are  derived  from  the 
plexus  around  the  facial  artery,  and  accompany  the  arteries  which 
supply  the  glands. 

Section  of  the  nerves  produces  no  immediate  result ;  but  after  a 
few  days  a  scanty  but  continuous  secretion  of  thin  watery  saliva 
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takes  place ;  this  is  called  paralytic  s^crdion,  and  is  produced  either 
by  the  activity  of  the  local  nervous  mechaniam,  which  is  then  uncon- 
trolled by  impulses  from  the  centml  nervous  system ;  or  else  it  is  a 
d^penerative  effect  analogous  to  the  fibrillar  contractions  which  occur 
in  degenerating  muscles  after  severance  of  their  nerves.  If  the  opera- 
tian  18  performed  on  one  side,  the  glands  of  the  opposite  side  also 
show  a  similar  condition,  and  the  thin  saliva  secreted  there  is  called 
the  antilytic  secretion. 

Simulation  of  the  peripheral  end  of  the  di\dded  chorda  tjinpani 
produces  an  abundant  eecretioii  of  saliva,  which  is  accompanied  by 

vaso-dilatation  (see  p.  306),  Stimu- 
latioE  of  the  peripheral  end  of  the 
divided  sympathetic  causes  a  scanty 
secretion  of  thick  viscid  saliva,  accom- 
panied by  vaso-constriction. 

The  abundant  secretion  of  saliva, 
which  follows  stimulation  of  the 
chorda  tympani,  is  not  merely  the 
result  of  a  filtration  of  fluid  from  the 
blood-vessels,  in  consequence  of  the 
largely  increased  circulation  through 
them.  This  is  proved  by  the  fact 
that,  when  the  main  duct  is  obstruc- 
ted, the  pressiu^e  within  it  may  con- 
siderably exceed  the  blood -pressure  in 
the  arteries,*  and  also  that  when  into 
the  veins  of  the  animal  experimented 
upon,  some  atrcpiTis  has  been  pre- 
viously  injected,  stimulation  of  the 
peripheral  end  of  the  divided  chorda 
produces  all  the  vascular  effects  as 
before,  without  any  secretion  of  saliva 
accompan3dng  them.  Again,  if  an 
animars  head  is  cut  oflf,  and  the  chorda  be  rapidly  exposed  and  stimu- 
lated with  an  interrupted  current,  a  secretion  of  saliva  ensues  for  a 
short  time,  although  the  blood-flow  is  necessarily  absent.  These 
experiments  serve  to  prove  that  the  chorda  contains  two  sets  of 
nerve-fibres,  one  set  (vaso-dilator)  which,  when  stimulated,  cause  the 
vessels  to  dilate ;  while  another  sot,  which  are  paralysed  by  atropine, 
directly  stimulate  the  cells   themselves  to  activity,  whereby  they 


> 


Fui*  B07,— ntftgrara  of  iecretory  nerves  of 
!iubiiii2lllary  and  sublingual  glamia. 
Tvtro  !Uif«a  of  thA  tihurda  tytupKiii  (Oh.) 
are  nliovDr  ons  of  which  iappIlM  the 
imtillilgaAL  ;1an4,  of  which  ah  Hclniia  ia 
nliowh  J  tb«  atHl  statloti  for  thia  \i  hi  S. 
O.,  the  jO'OAllad  aubTnailllaTy  gau fallen < 
Thaothar  flibre  inppUctsan  Kcinns  of  th^ 
MabmiixtllaTy  gjLAtid ;  it*  eell  rUUoti  ji  In 
Laugley's  grniglion  (L.  G.),  within  Uit'> 
iiubBLatkC«  of  th4  glatsd.  Sy  It  a  IVbre  of 
th«  iympKihetio^  which  hM  its  or<'ll 
itation  In  Uih  atiperlor  oervicfti  gangltcti, 
Bh  C.  O.  (ftfMr  nixoii). 


*  The  student  should  not  suppose  that  tlie  saliva  is  nornially  secreted  at 
auch  high  pressure.  If  it  were  so  the  saliva  would  spurt  from  the  salivary  duct 
with  greater  force  than  the  blood  wouJd  sjiurt  from  the  arteries  v^hen  they  are 
cut.  The  high  pressure  alluded  to  in  the  text  only  occurs  when  the  duct  is 
obstructed,  and  indicates  what  enormous  force  the  secreting  celb  can  exerclie. 
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secrete  and  discharge  the  constituentB  of  the  saliva  which  they  pro- 
duce. On  the  other  hand,  the  sympathetic  fibres  are  also  of  two 
kinds,  vaso-constrictor  and  secretory,  the  latter  being  paralysed  by 
atropine.  The  chorda  tympani  nerve  is,  however,  the  principal  nerve 
through  which  efferent  impulses  proceed  from  the  central  nervous 
system  to  excite  the  secretion  of  these  glands. 

The  function  of  the  ganglia  haa  been  made  out  by  Langley  by  the 
nicotine  method  (see  p.  302).  At  one  time  the  submaxillary  ganglion 
was  supposed  to  be  the  seat  of  reflex  action  for  the  secretion.  This, 
however,  is  not  the  ease.  The  ganglia  are  cell-stations  on  the  course 
of  the  fibres  to  the  submaxillary  and  sublingnal  glands.  Nicotine 
applied  locally  has  the  power  of  paralysing  nerve-cells,  but  not  nerve- 
fibres.  If  the  submaxillary  ganglion  is  painted  with  nicotine,  and 
the  ner^^e  stimulated  on  the  central  side  of  the  ganglion,  secretion 
from  the  submaxillary  gland  continues,  but  that  from  the  sublingual 
gland  ceases*  The  paralysed  nerve-cella  in  the  ganglion  act  as  blocks 
to  the  propagation  of  the  impulse,  not  to  the  submaxillary^  but  to  the 
sublingual  gland.  The  cell  station  for  the  submaxillary  fibres  is  in 
Langley's  ganglion  (see  fig.  397)* 

The  (UtTei-ences  between  the  two  secretions  is  not  only  one  of  amount^  for  the 
'^  cfmrda  secretion  "  is  (continuous  as  lonjr  as  the  nerve  is  stimulated  ;  it  is  like  the 
flow  of  Huid  from  a  tap.  The  ^*  synipathetic  secretion,"  on  the  otlier  hftnd,  stop* 
after  about  fifteen  sceonda,  and  may  be  compared  to  what  happens  when  one 
squeei^s  a  sponge.  These  facts  are  in  accordance  with  observations  on  the  loss  of 
water  sustained  by  the  blood  when  the  nerves  are  stimvdated.  In  an  actual  exjieri- 
(nent,  19 '3  cc  of  blood  left  the  i;^Land  in  a  minute  during  chordu  stimulation. 
When  tested*  tlie  blood  was  found  to  be  more  cijnt^entrated  than  tht'  blood  which 
entered  the  g^Ifind.  The  concentration  was  determined  by  estimating  the  relative 
amount  of  h3emofi:lobin  In  the  arterial  and  venous  blofuis  ;  the  ratio  was  1000  1 1075. 
It  follows  that  for  each  10  c.e.  of  venous  blood  which  left  the  gland,  1075  ec.  of 
arterial  blood  entered  it;  or  for  19-8  c.c.  emerging*  19  S  -  [^;,^,i^  c,c*  -21"6  c.c 
entered.  Hence  21*5  minus  19'8-1*5  cc*  of  tluid  left  the  blood  to  become  sahva, 
and  ttiis  was  the  actual  amount  secreted.  In  similar  eTtperiments  on  isynjpathetie 
saliva*  there  was  no  evidence  of  any  loss  of  water  from  the  blood.  Sympathetic 
saliva  comes  either  from  the  substance  of  the  cells*  or  from  the  ducts*  and  without 
going  into  the  evldent^e  at  length*  the  former  is,  at  anyrate  in  part*  the  correct 
explanation.  It  would  appear,  therefore*  that  the  fundamental  difference  between 
the  two  nerves  is  that  the  chorda  confers  upcjo  the  ctdls  the  power  of  recouping 
themsc^lvcs  from  the  blood*  whilst  this  is  denied  to  the  sympathetic* 

This  is  the  salient  point,  but  it  Is  certain  that  the  rate  of  blood-flow  can  modify 
the  rate  of  salivary  secretion  j  thiis  squeeilng  the  artery  during  chorda  stimulation 
lessens  both  flow  of  blood  and  flow  of  smUva,  though  the  latter  still  remains  con- 
tinuous ;  and  m  thi^  cat  it  is  possible,  on  prolonged  stimulation  of  the  sympathetic, 
for  the  initial  constriction  of  the  arteries  to  pnss  off*  and  yet  there  is  no  continuous 
secretion* 

Salivary  secretion  cannot  l?e  due  to  osmosis,  for  the  saliva  is  poorer  in  salts 
than  the  blood,  and  therefore  the  stream  of  water*  if  ivsmosis  existed,  would  be 
back  to  the  blood  from  the  saliva*  The  cells  of  the  salivary  glands  art-  really 
doing  work,  or  can  be  m^de  to  do  so.  There  is  positive  evidence  of  increase 
of  work  by  the  mcreaisc  of  metabolism  which  occurs,  and  on  p.  387,  under  the 
subject  tissue  respiration,  figures  illu.stratin^  this  are  given  ^  there  is  no  such 
evidence  of  increased  gaseous  metjibolism  when  Uie  sympathetic  is  stimulated* 
(BarcTofL  ) 
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Parotid  Gland. — This  gland  alao  receives  two  seta  of  nerve-fibms 
aiijilagous  to  tiiose  we  have  studied  in  connection  with  the  submaxil- 
lary gland.  The  principal  secretory  nerve-librea  are  gloaso -pharyngeal 
in  origin;  the  sympathetic  is  mainly  vaao-constrictor,  but  in  some 
animals  does  contain  a  few  secretory  tibres  ako. 

Keflex  Secretion. — Under  ordinary  circumstances  the  secretion 
of  saliva  is  a  reflex  action.  The  principal  afferent  nerves  are  those  of 
taste;  but  the  smell  or  sight  of  food  will  also  cause  "the  mouth  to 
water  " ;  and  under  certain  circumstances,  as  before  vomiting,  irrita- 
tion of  the  stomach  has  a  similar  effect.  These  sensory  nerves  stimu- 
late a  centre  in  the  medulla  from  which  efferent  secretory  impulses 
are  reflected  along  the  secretory  nerves  (chorda  tympani,  etc.)  to  the 
glands* 

Pawlow  has  made  some  interesting  observations  on  the  salivary 
glands.  He  made  an  external  fistula  of  the  submaxillary  duct  in  the 
dog,  and  found  that  the  sight  of  food,  the  smell  of  footl,  or  the 
administration  of  any  kind  of  food,  caused  secretion;  acid  or  even 
sand  introduced  into  the  mouth  produced  a  similar  effect.  By  means 
of  similar  experiments  on  the  parotid  secretion,  very  different  results 
were  obtained.  If  the  dog  was  shown  meat,  or  the  meat  was  given 
to  it  to  eat,  there  was  practically  no  secretion.  If,  however,  the  meat 
was  given  as  a  dry  powder,  a  copious  secretion  followed ;  dry  bread 
produced  a  similar  effect ;  in  fact,  the  parotid  secretion  flows  freely 
if  dry  food  is  simply  shown  to  the  animal;  of  course,  in  all  such 
experiments  the  dog  must  bo  hungry. 

Such  obser^^ations  emphasize  the  psychical  element  involved  in 
secretion,  and  point  out  also  the  adaptation  of  the  secretory  process 
to  the  needs  of  the  animal ;  thus  the  submaxiUary  saliva,  which  is 
mainly  a  lubricant  in  virtue  of  its  mucin,  flows  whatever  the  foml 
may  be,  whereas  moist  food  requiring  no  watery  saliva  from  the 
parotid  excites  tho  flow  of  none. 

Bxtirpatlon  of  the  Salivary  Glanda, — These  may  he  removed 
without  any  harmful  effects  in  the  lower  animals. 


The  Saliva, 

Tho  saliva  is  the  first  digestive  juice  to  come  in  contact  with  the 
food.  The  secretions  from  the  different  salivary  glands  are  mixed  in 
the  mouth ;  the  secretion  of  the  minute  mucous  glands  of  the  mouth 
and  a  certain  nimiber  of  epithelial  scales  and  the  so-called  "  salivary 
corpuscles  '*  derived  from  the  tonsils  are  added  to  it.  The  liquid  is 
transparent,  slightly  opalescent,  of  slimy  consistency,  and  may  con- 
tain lumps  of  nearly  pure  mucin.  On  standing  it  becomes  cloudy 
owing  to  the  precipitatipn  of  calcium  carbonate,  the  carbonic  acid, 
which  held  it  in  solution  as  bicarbonate,  escaping. 
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Of  the  three  fonns  of  saliva  which  contTibiita  to  the  mixtur© 
found  in  the  mouth  the  sublingual  is  richest  in  solids  (275  per  cent.),  i 
The  submaKillary  saliva  comes  next  (21  to  2  5  per  cent.).  The^ 
parotid  saliva  is  poorest  in  total  Bolida  (0"3  to  0"5  per  cent.),  and 
contains  no  mucin.  Mixed  saliva  contains  in  man  an  average  of 
about  0"5  percent  of  solids:  it  is  alkaline  in  reaction, due  to  the  salts 
in  it;  and  has  a  specific  gravity  of  1002  to  1006, 

The  solid  constituenta  dissolved  in  saliva  may  be  classified  thus ; 

f  a.  Mucin  :  this  may  be  precipitated  by  acetic  acid. 
Oi^fr&nlc         J  ^^'   ^y^^^"  *  ^"  aniylolytic  ferment 
ursan  *  -.  ^    Pritein  ^  of  the  nature  of  o  globulin, 

\  fL  Potassium  su[phoeyaiiide» 

/  *r.  Sodium  chloride  :  the  most  abundant  salt. 
Inorganic   ,  A  /,  Other  salts  i  sodium  earhonatet  calcium  phosphate  and 

[         carbonate  ■  magnesium  phosphate  :  potassium  chloride^ 

The  action  of  saliva  is  twofold,  physical  and  chemicaL 

The  physical  use  of  saliva  consists  in  moisteDing  tho  mucous 
membrane  of  the  mouth,  assisting  th©  solution  of  soluble  substances 
in  the  food,  and  in  virtue  of  its  mucin,  lubricating  the  bolus  of  food 
to  facilitate  swallowing. 

The  chemical  action  of  saliva  is  due  to  its  active  principle,  ptyalin* 
This  substance  belongs  to  the  class  of  unorganised  ferments,  which 
are  called  amylolytic  (starch  splitting)  or  diastatic  (resembling 
diastase,  the  similar  ferment  in  germinating  barley  and  other  grains)* 

The  starch  is  first  split  into  dextrin  and  maltose;  the  dextrin  is 
subsequently  converted  into  maltose  also :  this  occura  more  quickly 
with  erythro-dextrin,  which  gives  a  red  colour  with  iodine,  than  with 
the  other  variety  of  dextrin  called  achroo-^extrin,  which  gives  no 
colour  with  iodine.  Brown  and  Morris  give  the  following  equa- 
tion : — 

10(aHnjO,)n   +   4nH,0 


[Witflr.J 


(CcH.,0,).  +  (C,H„0,), 


[AthTi 


dextrin.] 


Ptyalin  acts  in  a  similar  way,  but  more  slowly  on  glycogen :  it  has 
no  action  on  celluloBe;  hence  it  is  inoperative  on  uncooked  starch 
grains,  for  in  them  the  cellulose  layers  are  intact. 

Ptyalin  acts  best  at  about  the  temperature  of  the  Iwxly  (35*40°  C). 
It  acts  best  in  a  neutral  medium ;  a  small  amount  of  alkali  makes 
but  little  difference ;  a  very  small  amount  of  acid  stops  its  activity* 
The  conversion  of  starch  into  sugar  by  swallowed  saliva  in  the 
stomaeh  continues  for  a  certain  time.  It  then  ceases  owing  to  the 
hydrochloric  acid  secreted  by  the  glands  of  the  stomach.  The  acid 
which  is  first  poured  out  neutralises  the  saliva,  and  combines  with 
the  proteins  of  the  food,  but  when  free  acid  appears  ptyahn  is  de- 
stroyed, and  so  it  cannot  resmne  work  when  the  acid  is  neutralised 
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The  juice  secreted  by  the  glands  in  the  mucous  membrane  of  fcho 
stomach  variBB  in  composition  in  the  different  regions,  but  the  mixed 
gastric  juice,  as  it  may  be  termed,  is  a  solution  of  a  proteolytic 
ferment  called  pepsin  in  a  saline  solution,  which  also  contains  a  little 
free  hydrochloric  acid. 

The  gaatric  juice  can  be  obtained  during  the  life  of  an  animal  by 
means  of  a  gastric  fistula.*  Gaatric  fiatulse  have  also  been  made  in 
human  beings,  either  by  accidental  injury  or  by  surgical  operations. 
The  moat  celebrated  case  is  tliat  of  Alexis  St  Martin,  a  young 
Canadian,  who  received  a  musket  wound  in  the  abdomen  in  1822. 
Observations  made  on  him  by  Dr  Beaumont  farmed  the  starting- 
point  for  our  correct  knowledge  of  the  physiology  of  the  stomach  and 
its  secretion. 

Artificial  gastric  juice  is  made  by  mixing  weak  hydrochloric  acid 
(0'2  jier  cent)  with  the  glycerin  extract  of  the  stomach  of  a  recently- 
killed  animal     This  acts  Uke  the  normal  juice. 

Three  kinds  of  glands  are  distinguished  in  the  stomach,  which 
differ  from  each  other  in  their  position,  in  the  character  of  their 
epitheliimi,  and  in  their  secretion.  Their  structure  will  he  found 
described,  on  pp.  461  462.  We  may,  however,  repeat  that  thefjmdiis 
or  os^ntic  glands  are  those  situated  in  the  fundus  and  nearly  the 
whole  of  the  cardiac  part  of  the  stomach :  their  ducts  are  short,  their 
tubules  long  in  proportion.  The  latter  are  tilled  with  polyhedral 
cells,  only  a  small  lumen  being  left ;  they  are  more  coarsely  granular 
than  the  corresponding  cells  in  the  pyloric  glands.  They  are  called 
principal  OT  central  cells.  Between  them  and  the  basement  mem brime 
of  the  tubule  are  other  cells  which  stain  readily  with  aniline  dyes. 
They  are  called  parietal  or  ascyntic  cells.     The  pyloric  glands^  in  the 

•  A  gastric  fistula  is  made  by  cutting  tli rough  the  abdotiiinal  waH  so  as  to 
expose  the  stomach.  The  £tomai:'h  is  tlien  attached  to  the  edg^  of  the  abdominal 
woLUidt  and  a  sniaU  orifice  is  hoally  made  through  the  waU  of  the  stoiuaeh.  Wheo 
the  wound  heak  there  h  then  a  fret?  communication  between  the  stomach  and  the 
exterior. 
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pyloric  part  of  the  stomach,  have  long  ducts  and  short  tubides  Hned 
with  eubical  granular  cells.     There  are  no  parietal  cells. 

The  central  cells  of  the  fundus  glands  and  the  oells  of  the  pyloric 
glands  are  loaded  with  granules.  During  secretion  they  discharge 
their  granules,  those  that  remain  being  chiefly  situated  near  the  lumen, 
le&ving  in  each  cell  a  clear  outer  zone.  These  are  the  cells  that 
secrete  the  pepsin.  Like  secreting  cells  generally,  they  select  certain 
materials  from  the  lymph  that  bathes  them;  these  materials  are 
worked  up  by  the  protoplasmic  activity  of  the  cells  into  the  secretion, 
which  is  then  discharged  into  the  lumen  of  the  gland*  The  moat 
important  substance  in  a  digestive  secretion  is  the  ferment.  In  the 
case  of  the  gastric  juice  this  is  pepsin.  We  can  trace  an  intermediate 
step  in  this  process  by  the  presence  of  the  granulea  The  granules 
are  not,  however,  composed  of  pepsin,  but  of  a  mother -substance 
which  is  readily  converted  into  pepsin.  We  shaU  find  a  similar 
ferment  precursor  in  the  cells  of  the  pancreas,  and  the  term  ^mogen 
is  applied  to  these  ferment  precursors.  The  zymogen  in  the  gastric 
cells  is  called  pflpstrw?^^.  The  rennet- ferment  that  causes  the  curdling 
of  milk  is  distinct  from  pepsin,  but  is  formed  by  the  same  cells. 
Pawlow's  view  that  the  curdling  is  only  a  phase  of  pepsin  action  has 
not  met  with  general  acceptance. 

The  parietal  cells  undergo  merely  a  change  of  size  during  secre- 
tion, being  at  first  somewhat  enlarged,  and  after  secretion  they  are 
somewhat  shrunken.  They  are  also  called  oxyntic  (acid-forming)  cells, 
because  they  secrete  the  hydrochloric  acid  of  the  juice.  Heidenhain 
succeeded  in  making  in  one  dog  a  md-ds-sac  of  the  fundus,  in  another 
uf  the  pyloric  region  of  the  stomach ;  the  former  secreted  a  juice 
containing  both  acid  and  jiepsin ;  the  latter,  parietal  cells  being 
absent,  secreted  a  viscid  alkaline  juice  containing  pepsin.  The  forma- 
tion of  a  free  acid  from  the  alkaline  blood  and  lymph  is  an  important 
problem.  There  is  no  doubt  that  it  is  formed  from  the  chlorides  of 
the  blood  and  lymph,  and  of  the  many  theories  advanced  as  to  its 
actual  mode  of  formation,  none  is  wholly  satisfactory. 

Some  theories  are  chemical  and  explain  the  formation  of  the  acid 
by  an  interaction  of  the  chlorides  and  phosphates.  Others  call  to 
their  assistance  the  law  of  "  mass  action  "  and  we  certainly  know 
that  by  the  action  of  large  quantities  of  carbonic  acid  on  salts  of 
mineral  acids,  the  latter  may  be  liberated  in  small  quantitiea  We 
know  further  that  small  quantities  of  acid  ions  may  be  continually 
formed  in  the  organism  by  ionisation.  But  in  every  case  we  can 
only  make  use  of  these  explanations  if  we  assume  that  the  small 
quantities  of  acid  are  carried  away  as  soon  as  they  are  fonsied,  and 
thus  give  room  for  the  formation  of  fresh  acid.  Even  then  we  are 
unable  to  explain  the  whole  process.  A  specific  action  of  the  cells  is 
no  doubt  exerted,  for  these  reactions  can  hardly  be  considered  to 
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occur  in  the  blood  generally,  but  rathar  in  the  oxyntic  cellSj  which 
posaaes  the  necessary  selective  powers  in  reference  to  tlie  salinaJ 
conatituenta  of  the  blood,  and  the  hydrochloric  acid,  as  soon  as  it  ia' 
formed,  passes  into  the  secretion  of  the  gland  in  consequence  of  its 
high  power  of  diffusion. 

Composition  of  Gastric  Juice. 

The  following  table  givoe  the  percentage  composition  of  the  gastric! 
juice  of  man  and  the  dog: — 


Cknullbuflntit. 

HumM. 

Dofr 

Water . 

9&'i4 

97m 

O^nic  substances  (chiefly  pepsin) 

0^32 

vn 

0'20 

0-40  to  O'flO 

CaCL  . 

uDoe 

0'0« 

NaCf  . 

014 

0-25        1 

KCl      . 

0-05 

O'll 

NHLpL 

, 

0*05 

\  .  [       O'Ol 

017 

MgiPOJ, 

0-02 

FefO^. 

* 

.  ( 

0-OOS 

One  sees  from  this  how  mucli  richer  in  all  constituents  the  gastric 
juice  of  the  dog  ia  than  that  of  man.  Camivoroua  animals  have  always 
a  more  powerful  gastric  juice  than  other  animals;  they  have  more 
work  for  it  to  do ;  but  the  great  contrast  seen  in  the  table  is,  no 
doubt,  partly  due  to  the  fact  that  the  persons  from  whom  it  has  \jeen 
possible  to  collect  gastric  juice  have  been  invalids.  In  the  foregoing 
table  one  also  sees  the  great  preponderance  of  chlorides  over  other 
salts ;  apportioning  the  total  chlorine  to  the  various  metals  present, 
that  which  remains  over  must  be  combined  with  hydrogen  to  form 
the  free  hydrochloric  acid  of  the  juice. 

In  recent  years,  the  composition  and  action  of  the  gastric  juice 
has  been  studied  by  Pawlow.  By  an  ingenious  surgical  operation,  ho 
succeeded  in  separating  from  the  stomach  of  dogs  a  diverticulum 
which  pours  its  secretion  through  an  opening  in  the  abdominal  wall; 
the  nerves  of  this  small  stomach  are  intact,  and  the  amount  of  juice 
tliat  can  be  collected  from  it  when  it  is  active  amounts  to  several 
hundred  cubic  centimetres  in  a  few  hours.  Pawlow*  thus  obtained  a 
pure  gastric  juice,  which  enabled  him  to  study  its  action  and  com- 
position. It  is  cleaTy  coloiirless,  has  a  specific  gravity  of  1003 — 1006, 
and  is  feebly  dextro-rotatory.  It  contains  04  to  0'6  per  cent,  of 
hydrochloric  acid.  It  is  strongly  proteolytic,  and  inverts  cane  sugar. 
When  cooled  to  0"  C»  it  deposits  a  precipitate  of  papain,  and  this 
carries  down  with  it  the  acid  in  loose  combination,  especially  in  the 
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layers  first  deposited.  Its  percentage  cotnposition  is  very  similar 
to  that  of  a  protein,  only  it  contains  chlorine  in  addition  to  the  usual 
elements.  The  numbers  agree  closely  with  those  obtained  by  Kiihne, 
who  used  ammonium  sulphate  as  the  precipitant. 

Pepsin  stands  apart  from  nearly  all  other  ferments  by  requiriBg 
an  acid  medium  in  order  that  it  may  act,  A  compound  of  the  two 
substances,  called  pepsin-hydrochloric  add,  is  the  really  active  agent. 
Other  acida  may  take  the  place  of  hydrochloric  acid,  but  none  aot  so 
welb  Lactic  aoid  is  often  found  in  gastric  juice:  this  is  derived  by 
fermentative  processes  from  the  food. 

The  digestive  powers  of  Ihe  acids  are  proportionaj  to  their  dissociation  and  Uie 
number  of  H  ions  liberated.  The  anions,  however,  modify  this  by  having  different 
powers  of  retarding  the  action.  The  greater  suitability  of  hydrochloric  over  lactic 
acid,  for  instance,  in  gastric  digestion  is  due  to  the  foct  that  the  former  add  more 
readily  undergoes  dissociation, 

riydrochToric  acid  is  absent  in  some  diseases  of  the  stomftch,  notably  in 
t^ancer  j  the  best  colour  testa  for  it  are  the  following  i— 

{a)  Gunsberg's  reagent  consists  of  2  parts  of  phloroglucinoli  1  part  of  vanillin, 
and  30  parts  of  rectifieil  spirit  A  drop  of  iiitered  gastric  juice  is  evaporated  with 
an  equal  quantity  of  the  reagent  Hed  crystals  form»  or  if  ninch  peptone  is  present 
there  will  be  a  red  paste.  The  re^ctiorj  takes  place  with  one  part  of  hydrochloric 
mcid  in  10*000,     The  organic  acids  do  not  give  the  reaction. 

(A)  Trom3eolin  test  Drops  of  a  saturated  solution  of  tropa*olin  -00  in  04  per 
cent  methylated  spirit  are  allowed  to  dry  on  a  porcelain  slab  at  40°  C.  A  drop  of 
tlic  fluid  to  be  tested  is  placed  on  the  tropseolin  drop,  still  at  40'  C. ;  and  if  hydro- 
chloric  acid  is  present  a  violet  spot  is  left  when  the  fluid  has  evaporated*  A  drop 
of  0'0<)6  per  cent  hydrochloric  acid  leaves  a  distinct  miLrk. 

(r)  Topfer'^  test  A  drop  of  dimethyl-amido-aKO-benzol  is  spread  in  a  thin  tilm 
on  a  white  plate.  A  drop  of  dilute  hydrochloric  acid  (up  to  1  in  10,000)  strikes  with 
this  io  the  cold  a  bright  red  colour. 

Lactic  acid  is  soluble  in  ether,  and  is  generally  detected  by  making  nn  ethereal 
extrntrt  of  the  stomach  contents,  and  evaporating  the  ether*  If  lactic  *ieid  is  present 
in  the  residue  it  niay  be  identified  by  the  following  way  : — 

A  solution  of  dilute  ferric  chloride  and  carbohc  acid  is  ruade  as  follows  i*— 

10  c.c»  of  a  4-per-cent  solution  of  carbolic  acid, 

*2Q  c.c.  of  distilled  water. 

1  drop  of  ti)e  linuor  ferri  perchlor'idi  of  the  British  Pbannacopcpia. 

On  mixing  a  solution  containing  a  mere  triice  (up  to  1  part  in  lO.OiiO)  of  lactic 
acid  with  this  violet  solution*  it  is  instantly  turned  yellow.  Larger  percentages  of 
other  acids  (for  instance,  more  than  0*!!  per  cent  of  nydrochlorif  acidj  are  necessary 
to  decolorise  the  test  Boluttout  but  they  do  not  turn  the  solution  yellow.  Another 
colour  le.*it,  that  of  Hopkins,  is  performed  as  follows ; — 5  c.c.  of  sulphuric  acid  and 
3  drops  of  a  saturated  solution  of  copper  sulphate  are  added  to  a  few  drops  of 
lactic  acid  di^ solved  in  alcohol.  The  mixture  is  placed  in  boiling  water  for  Ave 
minutes,  aud  then  cooled  ;  2  drops  of  O'li  percent,  alcoholic  solution  of  thiophcne 
are  then  added ;  on  replacing  the  tube  in  boiling  water,  a  cherry-red  colour 
develops. 

The  Innervatioii  of  the  Gastric  Olands. 

Ajs  long  ago  as  1852  Bidder  and  Schmidt  showed  in  a  dog  with 
a  gastric  fistula  that  the  sight  of  food  csaiised  a  secretion  of  gastric 
juice;  and  in  1878  Eichet  observed  that  in  a  man  with  complete 
occlusion  of  the  gullet  the  act  of  mastication  caused  a  copious  flow 
of  gastric  juica     There  could  therefore  have  been  no  doubt  that  the 
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glands  are  under  the  cantrol  of  the  nervous  syBtem^  but  the  early 
attempts  to  discover  the  secretory  nerves  of  the  stomach  were 
unsuccessful.  The  Eussian  physiologist  Pawlow  solved  the  problem 
by  the  employment  of  new  methods.  He  experiinented  on  dogs.  In 
the  first  place  he  separated  off  the  diver  tic  idnm,  wliich  we  have 
described  on  p.  495,  and  by  careful  experiments  he  showed  that 
the  secretion  of  this  small  stomach  is  an  exact  sample,  both  as  regards 
composition  and  rate  of  formation,  of  that  which  occurs  in  the  main 
stomach,  which  ie  still  left  in  continuity  with  the  ceaophagus  above 
and  the  duodenum  below. 

Another  procedure  adopted  was  to  divide  the  cBsophagus,  and  to 
attach  the  two  cut  ends  to  the  opening  in  the  neck.  The  animal  was 
fed  by  the  lower  segment,  but  any  food  taken  into  the  mouth,  or  any 
saliva  secreted  there,  never  reached  the  stomach,  but  fell  out  through 
the  opening  of  the  upper  segment.  These  animals  were  kept  alive 
for  months,  and  soon  accommodated  themselves  to  their  new  con- 
ditions of  life.  The  animals  could  thus  be  subjected  to,  (1)  real 
feeding,  (2)  sham  feeding,  by  allowing  them  to  eat  food  which  subse- 
quently tumbled  out  througli  the  neck  opening,  and  (3)  psychical 
feeding,  in  which  the  animal  was  shown  the  food  but  was  not  allowed 
to  eat  it     The  psychical  element  is  important. 

Mechanical  excitation  of  the  stomach  wall  produces  no  secretion* 
If  water  is  introduced  there  is  a  slight  flow,  and  even  if  meat  is 
introduced  into  the  main  stomach  without  the  knowledge  of  the  dog, 
the  juice  formed  is  scanty  and  of  feeble  digestive  power. 

There  is,  moreover,  no  connection  between  the  acts  of  mastication 
and  swallowing  with  that  of  gastric  secretion.  Sham  feeding  with 
stones,  butter,  salt,  pepper,  mustard,  extract  of  meat,  and  acid,  though 
it  excited  a  flow  of  saliva,  produced  no  effect  on  the  stomach.  If, 
however,  meat  was  used  for  the  sham  feeding,  an  abundant  and  active 
secretion  occurred  in  the  stomach  (that  of  the  small  stomach  was 
actually  examined)  after  a  latency  of  about  five  minutes.  The 
secretion  is  thus  adapted  to  the  kind  of  food  the  dog  has  to  digest ; 
the  larger  the  proportion  of  protein  in  the  diet,  the  more  abundant  is 
the  juice,  and  the  richer  both  in  pepsin  and  acid. 

Indeed,  if  the  animal  is  hungry  and  shown  the  meat  and  not 
allowed  to  swallow  it,  the  effect  is  almost  as  great.  The  following 
striking  experiment  also  shows  the  importance  of  the  psychical  element. 
Two  dogs  were  taken,  and  a  weighed  amount  of  protein  introduced  into 
the  main  stomach  of  each  without  their  knowledge ;  one  was  then  sham 
fed  on  meat,  and  one  and  a  half  hours  later  the  amount  of  protein 
digested  by  this  dog  was  five  times  greater  than  that  which  was 
digested  by  the  other. 

In  the  meat,  however,  it  is  not  the  protein  which  acts  most 
strongly  as  the  stimulus ;  egg-white,  for  instance,  is  not  a  stronger 
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Stimulus  than  water,  but  extract  of  meat  is  a  powerful  stimuIuB; 
what  the  exact  extractives  are  that  act  in  this  way  is  not  jet  known, 
and  Herzon  has  since  shown  that  dextrin  acta  even  more  powerfully, 
Herzen  diatinguishBS  between  succc^ogvss  (juice-drivers)  hke  Liebig's 
extract,  and  peplogim  hke  dextrin,  which  produce  not  only  an 
increased  flow,  but  a  juice  rich  in  pepsin-hydrochJoric  acid.  The 
products  of  proteolysis  are  also  peptogenic,  so  that  when  once 
digestion  has  started,  a  stimulus  for  more  secretion  is  provided. 

If  the  vagi  are  cut  (below  the  origin  of  the  recurrent  laryngeal  to 
avoid  paralysis  of  the  larynx),  and  then  sham  feeding  is  performed 
with  meat,  no  secretion  is  obtained ;  the  vagi  therefore  contain  the 
secretory  fibres-  The  experiment  of  stimulating  the  peripheral  end 
of  the  cut  nerve  confirmed  this  hypothesis.  The  nerve  was  cut  in 
the  neck  four  or  five  days  before  it  was  stimulated;  in  this  time 
degeneration  of  the  cardio^inhibitory  fibres  took  place,  so  that 
stoppage  of  the  heart  did  not  occur  when  the  nerve  was  stimulated ; 
under  these  circumstances  a  secretion  was  obtained  with  a  long 
latency ;  the  latency  is  explained  by  the  presence  of  secreto-inhibitory 
fibres.  Atropine  abolishes  the  action  of  the  vagus.  In  other  animals 
the  spinal  cord  was  cut  at  the  level  of  the  first  cervical  ner^^e,  and  the 
animal  kept  alive  by  artificial  respiration ;  the  vagus  nerve  was  then 
cut,  and  its  peripheral  end  stimulated ;  an  abundant  secretion  usually 
followed.  Division  of  the  cord  renders  an  ansssthetio  unnecessary, 
and  also  prevents  the  afferent  impulses  set  up  by  the  operation  passing 
to  the  vagal  centres,  and  thus  exciting  the  inhibitory  impulses  which 
pass  down  the  vagus,  and  tend  to  prevent  secretion  under  ordinary 
cireumstances. 

Pawlow  thinks  that  the  sympathetic  also  contains  some  secretory 
fibres,  but  this  has  not  yet  been  proved. 


Action  of  Gastric  Juice. 

The  principal  action  of  the  gaatric  juice  consists  in  converting  the 
proteins  of  the  food  into  the  diffiisible  peptones*  In  the  case  of  milk 
this  is  preceded  by  the  curdling  due  to  rennet  (see  p.  473),  The 
prolonged  action  of  the  juice  leads  to  the  formation  from  the  peptones 
of  the  final  cleavage  products,  leucine,  tyrosine,  and  other  amino- 
acids.  But  the  usual  duration  of  gastric  digestion  is  so  short  that 
the  amount  of  these  that  are  formed  is  insignificant. 

There  is  a  still  further  action — that  is,  the  gastric  juice  is  anti- 
septic ;  putrefactive  processes  do  not  normally  occur  in  the  stomach, 
and  the  organisms  that  produce  such  processes,  many  of  which  are 
swallowed  with  the  food,  are  in  great  measure  destroyed,  and  thus  the 
body  is  protected  from  them. 

The  formation  of  peptones  is  a  process  of  hydrolysis;  peptones 
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may  be  formed  by  other  hydroljsiBg  agencies  such  ae  superheated 
steam  or  heating  with  dilute  mineral  acids.  There  are  certain  inter- 
mediate steps  in  this  process:  the  intermediate  substances  are  called 
propep tones  or  proteoses*  The  word  "  proteose  "  includes  the  albumoses 
(from  albumin),  globuloses  (from  globulin),  yitelloses  (from  vitellin), 
etc.  Similar  substances  are  also  formed  from  gelatin  (gelatinoses) 
and  elastin  (elaatoses). 

Another  intermediate  step  in  ^istric  digestion  is  acid  albiimin  or 
syntonin.  The  products  of  digestion  of  albumin  may  be  ckseified, 
according  to  the  order  in  which  they  are  formed,  as  follows ; — 


1*  Add  alba  mill. 

2,  Propeptone  <  ( 

u 

3,  Peptone 


ij  Proto-albumose 
h)  HetercHalbuniose 

e)  Deuteronolbuniose 


r  The  primary  albumoses,  r.^,, 
\       those  wiiich  are  formed 


first 


Proteosea,— They  are  not  coagulated  by  heat;  thej  are  precipi- 
tated but  not  coagulated  by  alcohol:  hke  peptone  thej  give  the 
biuret  reaction-  They  are  precipitated  by  nitric  acid,  the  precipiiate 
being  soluble  on  kmiing,  and  rtappeating  when  the  liquid  cools. 
This  last  is  a  distinctive  property  of  proteosea.  They  are  slightly 
diffuflible. 

The  primary  proteosea  arc  precipitated  by  saturation  with 
niagneflium  sulphate  or  sodium  cliloride.  Deutero -proteose  is  not; 
it  is,  however,  precipitated  by  saturation  with  ammonium  sulphate, 
Proto-  and  deutero-albumose  are  soluble  in  water;  hetero-albumose  is 
not ;  it  requires  salt  to  hold  it  in  solution. 

Peptones. — They  are  soluble  in  water,  are  not  coagulated  by  heat, 
and  are  not  precipitated  by  nitric  acid,  copper  sulphate,  anmiomum 
sulphate,  and  a  number  of  other  precipitants  of  proteins.  They  are 
precipitated  but  not  coagulated  by  alcohol.  They  are  also  precipi- 
tated by  tannin,  picric  acid,  potaBsio-mercuric  iodide,  phospho- 
molybdic  acid,  and  phospho-tungstic  acid. 

They  give  the  biuret  reaction  (rose-red  solution  with  a  trace  of 
copper  sulphate  and  caustic  potash  or  soda). 

Peptone  is  readily  diffusible  through  animal  membranes. 

The  annexed  table,  p.  500,  will  give  us  at  a  glance  the  chief  char- 
acters of  peptones  and  proteoses  in  contrast  with  those  of  the  native 
proteins,  albumins,  and  gloliullns. 

We  see  that  the  main  action  of  the  gastric  juice  is  upon  the 
proteins  of  the  food,  converting  them  into  more  soluble  and  diffusible 
products.  The  fats  are  not  chemically  altered  in  the  stomach,*  their 
protein  envelopes  are,  however,  dissolved,  and  the  solid  fata  are  melted. 

•  According  to  some  recent  observations,  a  small  amount  of  fat-splitting  does 
occur  in  the  stomach* 
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Starch  is  unaffected ;  but  cane  sugar  h  inverted.  The  inversion  of 
cana  sugar  is  largely  due  to  the  hydrochloric  acid  of  the  juice,  and  ib 
fref|uently  assisted  by  inverting  ferments  contained  in  the  vegetable 
food  awallowed. 


VariBty 
of 
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Ololntlln 


Fepton«te 


CoiifuUtftH 


Ditto. 


Not 


Acttoa 

of 
mlQohdL 


Utoa 


Ditto. 


but  tiat  C3U* 
agukted 


Pre<!fliit«t«ii, 
but  not  et>- 
agnlitwi 


AcUoii 

of 

altiicadtL 


Action  of 
»iii£noiiiiim 
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Preclptlmted  Piwipitftted 

in  tb«  cotd;  by  comptetft 

not    rBntiily  iiatantioit 
iiohible      on 


Ditto, 


PTWlpltlltl^l 

in  thf!i  col^:] : 
regally  »ol- 
til}l«  oti 
1] eating;  the 
precipitate 
f«appikrB  on 
cooling* 

Not      precfpi- 
Uted 


FrectplUtcKl 
by  oalfutu- 
ntjion;  also 

EfeclpitAted 
yMgSO,. 

PnjdplUitwI 
by     ntum* 
tfon 


lifot      pnclpl- 
fcated 


ActicHi  of 

copper 

■illpb»t« 

and  cmnittie: 

potaih. 


VIoM 
odour 


mtttj. 


Boae-rod 
colour 
(Unret 

I«ft<!tl0ll) 


Rova-rad 

colour 
Cbtnret 
motloti) 


DllfUHj- 
btlity* 


Nil 


nitto. 


Sllgbt 


Graat 


*  In  tbe  cvi«  at  deatero^albumotw  thri  rtmetlon  only  oecars  In  tbe  pnwuce  cif  oKO^ia  of  wit. 

The  question  has  been  olten  raised  why  the  stomach  d(»es  not  digest  itself  during 
life.  The  mere  fact  that  the  tissues  are  alkaline  and  pepsin  requires  an  acid 
medium  in  which  to  act  is  not  an  explanation «  but  onlj  opens  up  a  fresh  difficulty 
as  to  why  the  p«tncreatic  Juice  which  is  alkaline  does  not  dij^est  the  intestinal  wall. 
To  say  that  it  is  tlie  vital  properties  of  the  tissues  that  enable  them  to  resist 
digestion  only  shelves  the  dimculty  and  gives  no  real  explanation  of  the  mechanism 
of  defence.  Recent  studies  on  the  important  question  of  immunity  (see  p,  451) 
have  furnished  us  with  the  key  to  the  problem ;  just  as  poisons  introduced  from 
without  stimulate  the  cells  to  produce  antitoxins,  so  harmful  substances  produced 
within  the  body  are  provided  witti  anti-substances  capable  of  neutmhsing  their 
effects  ;  for  this  reason  the  blood  does  not  normally  clot  within  the  blood-vesselSf 
and  Weinlund  has  shown  that  the  gastric  epithelium  forms  an  antipepsin,  the 
intestinal  epithelium  an  antitrypsin,  and  so  on.  The  bodies  of  parasitic  wumis  that 
live  in  tlie  intestine  are  partJi^ularly  rich  in  these  anti-bodies. 


Hett's  Tubes. 

A  metliod  which  is  now  generally  employed  for  estimating  tlie  proteolytic 
activity  of  a  digestive  iujce  is  one  originally  introduced  by  Xtett  Pieces  of 
capillary  glass  tuoing  of  known  length  are  filled  with  white  of  egg.  This  is  set  into 
a  solid  lay  heating  to  95""  C.  They  are  then  placed  in  the  digestive  fluid  at  3ii'  C, 
and  the  coagulated  egg-white  is  digested.  After  a  given  time  the  tubes  are 
removed  ;  and  if  the  digestive  jjrocess  has  not  gone  too  far,  only  a  part  of  the  little 
column  of  coagulated  proteid  will  have  disappeared ;  the  length  of  the  remaining 
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coluinn  is  easily  measured,  and  the  letigth  tliat  has  been  digested  is  a  measure  of 
the  dieestive  strength  of  the  fluid. 

Hambui^r  has  used  the  same  method  in  investigating  tlie  digestive  action  of 
juices  on  gelatin.  The  tubes  are  filled  with  warm  gelatin  solution*  and  this  jeUies 
on  cooling.  They  are  placed  as  before  in  Uie  digestive  mixture^  and  the  length  of 
the  column  that  disappears  can  be  easily  measured.  These  experiments  must,  how- 
ever, be  |>erforraed  at  room  tcmpeFature,  for  the  usual  teranrrature  (36' — iO^  C.)  at 
which  artificial  digestion  la  usually  carried  out  would  melt  tiie  gtdatLn.  He  has  also 
used  the  same  method  for  estimating  amylolytic  activity,  by  filling  the  Uibca  with 
thick  starch  p^te. 

SchUts'  Law. 

E*  Schiitz  stated  in  1885  that  the  amount  of  peptic  activity  is  proportional  to  the 
square  root  of  the  amount  of  pepsin.  This  was  confirmed  by  Borissow,  who  used 
Mett's  capiUary  tube  method.  An  example  (taken  from  the  work  of  E.  Schiitis,  who 
estimated  the  amount  of  the  digestive  products  iu  solution  by  means  of  nitrogen 
determinations)  will  suffice. 


AijiOUntofSoluOoa 

of  P«pfl!ii  in 
Cubic  Oenttmetret. 

UigHitiscj  Kill 
Pound. 

Kigau  In  Orammes, 
CalctiUiwL 

1 
4 

t 

IB 

0-0230 
0*0427 
O-O680 
0-0889 

0D223 
O-0i46 
0-0669 
0*08i^ 

This  work  was  an  early  attempt  to  deal  with  ensyme  action  on  exact  mathemati- 
cal lines  I  a  branch  of  tlie  subject  now  being  extensively  studied.  Some  have  stated 
that  the  law  holds  more  or  less  exactly  for  other  enzymes ;  in  other  cases  the  rela- 
tionship is  different.  The  usual  method  now  adopted  is  to  estimate  the  velocitr  of 
reaction,  that  is,  the  time  occupied  by  the  ferment  in  accomplishing  a  given  end  on 
a  fixed  amount  of  material  It,  for  instance,  one  takes  a  series  of  tubes,  eacli  con- 
taining the  same  amount  of  milk,  and  adds  to  each  different  known  amounts  of 
rennet,  the  time  occupied  in  producing  curcUing  is  accurately  noted.  In  this  case» 
and  in  similar  experiments  with  blocS  or  blood-plasma  and  fibrin  ferment,  the 
amount  of  ferment  multinlie<i  by  the  coagulation  time  is  constant  i  thus,  if  two  drops 
of  rennet  produce  coagulation  in  30  seconds,  four  drops  will  curdle  the  same  amount 
of  milk  in  15  seconds.  The  same  simple  relationship  also  probably  holds  for  the 
action  of  inverting  crepsin,  and  trypsin. 
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HfiEE  W6  have  to  consider  the  action  of  pancreatic  juice,  of  bile,  and  of 
the  sueeua  entericua. 

The  Pancreas. 

This  is  a  tubulo-racemos©  gland  closely  resembling  the  salivary 

glands  in  structure.     The  principal  diflferencea  are  that  the  alveoli  or 

acini  are  more  tubular  in  character ; 
the  connective  tissue  l>etween  them 
is  looser,  and  in  it  are  small  groups 
of  epithelium-like  cells  (islets  of 
Langerhans)  which  are  supplied  by  a 
close  network  of  capUlaries  (fig,  399). 
The  eeereting  cells  of  the 
pancreas  are  polyhedraL  "When 
examined  in  the  fresh  condition,  or 
in  preparations  preserved  by  osmic 
acid,  their  protoplasm  is  seen  to  be 
tilled  in  the  inner  two-thirds  with 
small  granules ;  but  the  outer  third 
is  left  clear,  and  stains  readily  with 
protoplasniic  dyes  (fig.  398). 

During  secretion  the  granules  are 
discharged ;  the  clear  zone  conse- 
quently becomes  wider,  and  the 
granular  zone  narrower. 

These  granules  indicate  the 
presence  of    a  zjinogen   which    is 

called    trgpsinogen ;    that   is,  the    precursor  of    trypsin,  the  moat 

important  ferment  of  the  pancreatic  juice. 

In  the  centre  of  the  acini,  spindle-shaped  cells  {centro-acinar  ceils) 

are  often  seen ;  their  function  and  origin  are  unknowiL 


FiQ*  aiM,— ijiitiblou  cif  the  p&iicT«M  of  a  di:^ 
duijng  digeatlon.  a,  AlveolJ  lined  with 
cel]9,  %hn  c)Mr  outer  lono  of  which  U  wnU 
■tAhied  wJtb  bftsiKtoxylUi ;  d,  duct  liuerl 
with  Abort  oubl(»l  coOIji.  x  A^,  (Rlein 
m4  Nobk  Smith.) 
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Composition  and  Action  of  Pancreatic  Juice, 

The  pancreatic  juice  maybe  obtamed  by  a  fistula  in  animals,  a 
cannula  bemg  inserted  into  the  main  pancreatic  duct ;  but  as  in  the 
case  of  gastric  juice,  experiments  on  the  pancreatic  secretion  are  usu- 
ally performed  with  an  artificial  juice  made  by  mixing  a  weak  alkaline 
solution  (1  per  cent,  sodium  carbonate)  with  a  glycerin  extract  of 
pancreas.     The  pancreas  should  be  treated  with  dilute  acid  for  a  few  ^ 


^A^ 


f 


Pia«  SSrir.— SactJon  of  tb«  ijuicnsui  of  mrmuiillo,  AhowiDK  ulveoll  %tid  m  iMlet  of  LangierUini  In  tlM 
Gonnecttve  tlsaue.    (V,  D.  HArrii.) 

hours  before  the  glycerin  is  added.     This  ensures  a  conversion  of  the 
trypsinogen  into  trypsin. 

Quantitative  analysis  of  human  pancreatic  juice  gives  the  follow- 
ing results  :— 

Water*        , 97^6  per  cent 

Organic  solids     ,         ,         .         .         «       1*8        ,i 
Inorganic  salts    .         .         *         .         .       0*0        ,, 

In  the  dog  the  amount  of  soUda  is  much  greater. 

The  organic  substances  in  pancreatic  juice  are — 

{a)  Ferments.     These  are  the  most  important  both  quantitatively 
and  functionally*    They  are  four  in  number : — 
L  Trypsin,  a  proteolytic  ferment. 
ii.  Amy  lops  in  or  pancreatic  diastase,  an  amylolytic  ferment* 

iii  Steapsin  or  lipase,  a  fat-splittiog  or  lipolytic  ferment. 

iv*  A  milk -curdling  ferment. 

{b)  A  small  amount  of  protein  matter,  coagulable  by  heat. 

(c)  Traces  of  leucine,  tyrosine,  xanthine,  and  soaps. 

The  inorganic  substances  in  pancreatic  juice  are^ 

Sodium  chloride,  which  is  the  most  abundant,  and  smaller  quan* 
titles  of  potassium  chloridOi  and  phosphates  of  sodium,  calcium,  and 
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magnesium.     The  alkalinity  of  the  juice  is  due  to  phosphatea  and  car- 
bonates, especially  of  sodium. 

1.  Action  of  Trypsin, — Trypsin  acts  like  pepsin,  but  with  certain 
differencea,  which  are  as  follows : — 

(a)  It  acta  in  an  alkaline,  pepsin  in  an  acid  medium, 

{h)  It  acts  more  rapidly  than  pepsin ;  dentero-proteosea  can  be 

detected  as  intermediate  products  in  the  formation  of  peptone ;  the 

primary  proteoses  have  not  been  detected, 

(c)  Alkali-albumin  is  formed  in  place  of  the  acid-albumin  of 
gastric  digestion. 

(d)  It  acts  more  powerfully  on  certain  proteins  (such  as  ela^tin) 
which  are  difficult  of  digestion  in  gastric  juice.  It  does  not,  however, 
digest  collagen, 

(tf)  Acting  on  solid  proteins  like  iibrin,  it  eats  them  away  from  the 
surface  to  the  interior ;  there  is  no  preliminary  swelling  as  in  gastric 
digestion. 

(/)  Trypsin  acts  further  than  pepsin,  on  prolonged  action  decom- 
posing the  peptone  which  has  left  the  stomach  into  simpler  products, 
of  which  the  most  important  are  polypeptides,  leucine,  tyrosine, 
arginine,  aspartic  acid,  glutamic  acid,  hexone  bases,  ammonia,  and  a 
substance  called  tryptophan  [indole-amino-propionic  acid],  which 
gives  a  red  colour  with  cldoriiie  or  bromine  water,  and  also  the 
Adarnkiewicz  reactioiL  (For  the  constitution  and  properties  of  these 
cleavage  products,  see  pp,  400  to  404) 

The  action  of  proteolytic  enzymes  is,  by  a  process  of  hydrolysis, 
to  split  the  heavy  protein  molecule  into  smaller  and  smaller 
molecules;  first,  we  get  proteoses,  then  peptones  and  polypeptides, 
and,  finally,  simple  products  such  as  leucine  and  tyrosine.  A  variable 
fraction  of  the  protein  molecule  is  broken  off  with  comparative  ease, 
but  the  whole  breakdown  is  more  easily  performed  by  the  powerful 
tryptic  enzj'me  than  by  pepsin -hydrochloric  acid.  The  latter  agent, 
however,  is  not  entirely  inactive  in  this  direction,  for  although 
leucine  and  tyrosine  and  other  amino^acids  are  not  found  to  any 
great  extent  in  a  peptic  digest,  unless  the  action  has  been  very 
prolonged,  yet  there  is  usually  a  small  amount  of  such  substances, 
and  this  amomit  increases  the  more  time  is  allowed  The  essential 
difference  between  pepsin  and  trypsin  is  one  of  velocity  of  action,  or 
in  other  words,  trypsin  is  tho  more  powerful  catalyst  (see  p.  418). 

2.  Action  of  Amylopflin. — The  conversion  of  starcii  into  maltose 
is  the  most  rapid  of  alt  the  actions  of  the  pancreatic  juica  Its  power 
in  this  direction  is  ninch  greater  than  that  of  saliva,  and  it  will  act 
even  on  unboiled  starch.  The  absence  of  this  ferment  in  the  pancreatic 
juice  of  infants  is  an  indication  that  milk,  and  not  starch,  is  their 
natural  diet. 

3.  Action  on  Fats. — The  action  of  pancreatic  juice  on  fata  is  a 
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double  one :  it  forms  an  emulsion,  and  it  deoomposes  the  fats  into 
fatty  acids  and  glycerin  bj  meana  of  its  fat-splifcting  ferment  steapsin. 
The  fatty  acids  unite  with  the  alkaline  bases  to  form  soaps  (sajmiiji- 
ealion).  The  chemistry  of  this  is  deacribod  on  p.  399,  The  fat- 
aplitting  power  of  pancreatic  juice  cannot  be  studi^  with  a  glycerin 
extract,  as  steapsin  ia  not  soluble  in  glycerin;  either  the  fresh  juice 
or  a  watery  extract  of  pancreas  must  be  used. 

The  formation  of  an  emulsion  may  be  studied  in  the  following 
way :  if  olive  oil  and  water  are  shaken  up  together,  and  the  mixture 
is  allowed  to  stand,  the  finely  divided  oil  globules  soon  separate,  run 
together,  and  form  a  layer  which  floats  on  the  surface  of  the  water. 
But  if  olive  oil  is  shaken  up  with  a  solution  of  soap,  the  conditions  of 
surface  tension  are  such  that  the  oil  globules  remain  as  such  in  the 
^mixture,  and  a  white  mOky  fluid  called  an  emulsion  is  the  result. 
The  emulsion  is  still  more  permanent  if  a  colloid  material  like  gum  or 
albumin  is  also  present.  Pancreatic  juice  possesses  all  the  necessary 
qualifications  for  the  formation  of  an  emulsion ;  it  is  alkaline,  and  so 
liberates  fatty  acids  from  the  fat ;  these  acids  form  soap  with  the  alkali 
present ;  moreover,  it  is  viscous  from  the  presence  of  protein. 

4  Milk-curdling  Ferment. — The  addition  of  pancreatic  extracts 
or  pancreatic  juice  to  milk  causes  clotting;  but  this  action  (which 
differs  in  some  particulars  from  the  clotting  caused  by  rennet)  can 
hardly  ever  be  called  into  play,  as  the  mOk  upon  which  the  juice  has 
to  act  has  been  already  curdled  by  the  rennin  of  the  stomach. 


The  so-caUed  Peripheral  Reflex  Secretion  of  the  Pancreaa. 

One  of  the  most  effective  ways  of  producing  a  flow  of  pancreatic 
juiee  is  to  introduce  acid  into  the  duodenum.  Popielaki  and 
Wertheimer  and  Le  Page  showeil  that  this  flow  still  occurs  when  the 
nerves  supplying  the  duodenum  and  pancreas  have  been  cut  through. 
Wertiieimer  also  mentions  that  the  flow  can  be  excited  by  injection 
of  acid  into  the  jejunum,  but  not  when  it  is  injected  into  the  lower 
part  of  the  ileum.  These  authors  concluded  that  the  secretion  is  a 
local  reflex,  the  centres  being  situated  in  the  scattered  ganglia  of  the 
pancreas,  or,  in  the  case  of  the  jejunum,  in  the  ganglia  of  the  solar 
plexus. 

This  subject  hdM  been  re-investigated  by  Starling  and  Bayliss,  and 
the  results  they  have  obtained  are  most  noteworthy.  They  consider 
that  the  secretion  cannot  be  reflex,  since  it  occurs  after  extii-pation  of 
the  solar  plexus,  and  destruction  of  all  nerves  passing  to  an  isolated 
loop  of  intestine.  Moreover,  atropine  does  not  paralyse  the  secretory 
actioru  It  must  therefore  be  due  to  direct  excitation  of  the  pancreatic 
cells,  by  a  substance  or  substances  conveyed  to  the  gland  from  the 
bowel  by  the  blood-stream.     So  many  of  the  connections  between 
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0Zgi2iB  are  made  by  nerves  (the  telegraphic  service  of  the  bodj)»  that 
we  are  apt  to  forget  the  other  mefisenger,  the  bloody  whom  we  may 

compare  to  the  postman. 

The  excitijig  substance  is  not  acid;  injection  of  04  per  cent,  of 
hydrochloric  acid  into  the  blood-stream  has  no  influence  on  the 
pancreas.  The  substance  in  question  must  be  produced  in  the 
inteatinal  mueous  membrane  under  the  influence  of  the  acid.  This 
conclusion  was  confirmed  by  experiment.  If  the  mucous  membrane 
of  the  jejunum  or  duodenum  is  exposed  to  the  action  of  0  4  per  cent 
hydrochloric  acid,  a  body  is  produced  whichj  when  injected  into  the 
blood-stream  in  minimal  doses,  produces  a  copious  secretion  of  pan- 
creatic juice  and  also,  but  to  a  less  extent,  of  bile.  This  substance  is 
termed  smreiin.  It  is  associated  with  another  substance  which  lowers 
arterial  blood -pressure.  The  two  substances  are  not  identical,  aince 
acid  extracts  of  the  lower  end  of  the  ileum  produce  a  lowering  of 
blood-preastire,  but  have  no  excitatory  influence  on  the  pancnaas. 

Secretin  is  split  off  from  a  precursor,  pro-secreiin,  which  is  present 
in  relatively  large  amounts  in  the  duodenal  mucous  membrane,  and 
gradually  diminishes  as  we  descend  the  intestine.  Pro-secretin  can 
be  dissolved  out  of  the  mucous  membrane  by  normal  saline  solution. 
It  has  no  influence  on  the  panci-eatic  secretion-  Secretin  can  be  split 
off  from  it  by  boiling  or  by  treatment  with  acid. 

What  secretin  is  chemically  we  ilo  not  yet  know.  It  is  soluble  in 
alcohol  and  ether.  It  is  not  a  protein,  but  probably  is  an  organic 
substance  of  low  molecular  weight.  It  is,  moreover,  the  same  sub- 
stance in  all  animals,  and  not  specific  to  different  kinds  of  animals. 

Pawlow  by  experiments  of  a  similar  nature  to  those  which  led 
him  to  the  discovery  of  the  secretory  nerves  of  the  gastric  mucous 
membranO)  thought  he  had  also  discovered  the  secretory  nerves  of 
the  pancreas  in  the  vagus,  and  to  a  less  extent  in  the  splanchnic 
nerves.  His  failure  to  produce  this  result  in  some  experiments  he 
explained  by  the  concomitant  stimulation  of  secrete -in  bibi  ting  fibres. 
It  is  quite  possible  that  nerves  of  this  nature  exist ;  but  Paw  low's 
expeiiments  do  not  prove  their  existence,  because  the  passage  of  acid 
chyme  into  the  duodeniun  was  not  excluded,  and  so  he  may  only 
have  been  dealing  with  a  production  of  secretin,  the  chemical 
etimulus  to  pancreatic  activity. 

Starling's  work  on  secretion  naturally  led  him  and  others  to  seek 
for  other  chemical  messengers  employed  in  the  regulation  of  the 
activities  of  the  body,  and  it  has  already  been  established  that 
secretin  is  by  no  means  a  solitary  instance  of  such.  The  general 
name  given  to  these  agents  is  that  of  hormone.  The  chemical 
substances  secreted  by  such  glands  as  the  thyroid  and  suprarenal 
must  be  included  under  this  term,  and  the  part  played  by  carbonic 
acid  in  the  regulation  of  breathing  (see  p.  363)  also  comes  into  the 
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same  category.  In  our  study  of  gastric  digestion,  we  have  seen  the 
powerful  peptogenic  action  of  dextrin,  a  substance  prepared  during 
the  salivary  digestion  of  starch ;  Edkins  has  given  the  name  gastrin 
to  the  special  hormone  which  is  the  result  of  the  action  of  the 
salivary  products  on  the  gastric  mucous  membrane,  Anuther 
example  of  a  hormone  is  fnmiahed  by  the  material  formed  by  the 
ovum  especially  during  its  development  in  ulero,  and  whicb,  passing 
into  the  maternal  blood-stream,  stimulates  the  mammary  gland  to 
action  (see  p.  476). 

Adaptatioti  ij/  thft  PancTiw/,—To  a  certaiti  degree  it  CAtinot  be  doubted  that 
the  pancreas  adapts  its  fieeretion  to  the  work  it  has  to  do.  Thus,  \^hcreas  gastric 
Juice  has  &  ttmximal  Bow  soon  after  the  inge>ition  of  food,  the  pancFeative  ftow 
doeii  not  attain  its  fiill  force  until  some  hourslater,  that  is,  when  it  is  wanteti.  The 
view  that  this  is  due  to  the  hormone  named  secretiu,  which  la  not  formed  until 
the  jt^astr-ic  ron tents  enter  the  intestine,  fully  explains  the  reason  for  the  delay. 

But  Pawlow  went  further  than  this,  and  stated  that  the  proportion  of  the 
[  TErious  enzymes  of  tlie  juiee  was  adapted  to  the  proportions  or  proteins,  carbo- 
'  liydrates*  and  fats  in  the  food  taken.  Considerable  doubt  has  been  cant  on  these 
fcsulta*  t^cause  of  the  fkilure  to  eonfirra  one  of  the  most  remarkable  instances  of 
such  adaptation ;  this  is  the  power  of  the  pancreas  to  secrete  lartojit*  (a  ferment 
capable  of  hydrolysinp-  lactose  into  glucoses).  Normal  pancreatic  juk-e  contains 
no  lact&F;e,  but  trerbiin  observers  stated  thut  by  feeding  an  animal  on  milk,  the 
pancreas  could  be  educated  to  secrete  it  Careful  experiments  by  Pliituner  have 
recently  shown  this  is  not  really  so,  and  so  much  more  stringent  experimental 
conditions  will  have  to  be  imposed  before  the  other  cases  of  adaptation  can  be 
considered  proven- 

The  3UCCUB  Bntericus. 

Succus  entericus  liaa  heen  obtamed  free  from  other  secretions  by 
means  of  a  fistula.  Thiry's  method  is  to  cut  the  intestine  across  m 
two  places;  the  loop  so  cut  out  is  still  supplied  with  blood  and 
nerves^  as  its  mesentery  is  intact ;  this  loop  is  eniptiedr  one  and  ia 
sewn  up,  and  the  other  stitched  to  the  abdominal  wound,  and  so  a 
cul'desm  from  which  the  secretion  can  be  collected  is  made.  The 
continuity  of  the  remainder  of  the  intestine  is  restored  by  fastening 
together  the  upper  and  lower  portions  of  the  bowel  from  which  the 
loop  has  been  removed.  Vella*s  method  resembles  Thirj's,  except  tlmt 
both  ends  of  the  loop  are  sutured  to  the  wound  m  the  abdomen.  Fig. 
400  illiistratea  the  two  methods* 

The  succus  entericus  possesses  to  a  shght  extent  the  power  of  con- 
verting starch  into  sugar.  Its  best  known  action  is  due  to  a  ferment 
called  invtrtase,  which  inverts  saceharoaes — that  ia,  it  converts  cane 
\  sugar  and  maltose  into  glucose.  The  original  use  of  the  term  *'  inver- 
ion'*  has  been  explained  on  p.  394  It  may  be  extended  to  include 
the  siinilar  hydrolysis  of  other  saccharoses,  although  there  may  be  no 
formatiou  of  levo-rotatory  sub^ttances.  There  are  probably  niinierona 
irivertmg  ferments,  each  of  which  acts  on  a  different  saccharose. 

Up  till  a  year  or  two  ago  little  or  nothing  was  known  regarding 
Ifae  action  of   the  intestinal  juice    beyond   thisi  but  investigations 
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piibliBhed  quite  recently  havej  however,  altered  this  state  of  thiugB^ 
and  in  the  light  of  these  the  saccus  entericuB  appears  to  be  a  jiiica  of 
the  highest  importance. 

Pawlow  was  the  first  to  show  that  one  of  its  main  actions  is  to 
reinforce  and  intensify  the  action  of  the  pancreatio  juice,  especially 
in  reference  to  its  proteolytic  power.  Fresh  pancreatic  juice  has 
practically  no  digestive  power  on  proteins,  Claude  Bernard,  the 
earliest  to  study  the  pancreatic  secretion,  entirely  missed  its  tryptic 
action.  On  standing,  the  juice  very  slowly  acquires  proteolytic 
activity*  Vernon  has  shown  that  much  the  same  is  true  ft»r  extracts 
of  the  pancreas.    There  is  no  doubt  that  what  the  fresh  juice  oon-| 
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>  1^400  — Diigramof  biitenliiMiiUHmk.    L,  ThLry't  method;  IL,  vdU'^mfltbcxL    A,  AMomliuit  wuTl; 
B,  l&ttislliifit  with  ni(Mi«nttirj ;  C,  9K*|iaTmted  loop  of  lnt«(itiiie,  with  ftttacb«d  njeaoatery. 

tains  is  trypsinogen,  and  this  is  slowly  transformed  into  the  active 
enzyme  trypsin. 

If  freah  pancreatic  and  intestinal  juices  are  mixed  together,  the 
result  is  a  powerful  proteolytic  mixture,  though  neither  juice  by  itself 
has  any  proteolytic  activity. 

Pawlow  speaks  of  the  substance  in  the  intestinal  juice  which  has 
this  action  as  a  *'  ferment  of  the  ferments  "  and  has  named  it  enUro- 
Hnam  It  mainly  reinforces  tryptic  activity,  but  also  has  a  similar 
though  slighter  energising  influence  on  the  fat-splitting  ferment 

Starling,  like  Pawlow,  worked  with  dogs,  and  has  confirmed  his 
main  results.  A  valuable  contribution  to  the  same  subject  has  also 
been  made  by  Hamburger.  He  baa  had  the  unusual  opportmiity  of 
examining  human  succus  entericua.  It  became  necessary  in  a  patiejit 
for  surgical  reasons  bo  isolate  a  loop  of  the  small  intestine,  and  this 
loop  continued  to  discharge  intestinal  juice  to  the  exterior  for  some 
time  after  the  operation^  He  finds  that  this  juice,  like  that  of  the 
dog,  contains  a  substance  which  renders  pancreatic  juice  active.  He 
could  not  find  that  it  exercised  any  energising  influence  on  the 
fat-splitting  and  amylolytic  ferments  of  the  panci^easj  but  Its  action 
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on  the  tryptic  feriiieiit  was  most  marked.  His  qnantitatiie  experi- 
ments do  not  bear  out  Pavvlow's  view  that  the  activo  substance 
in  the  intestinal  juice  is  a  ferment,  for  it  is  unable  like  a  ferment  tu 
act  on  an  unlimited  amount  of  pancreatic  juice,  Delezenne  also 
thinks  it  is  not  a  ferment,  but  compares  it  to  the  immune  body  or 
amboceptor  which  enables  hBcmolysins  to  become  eflfective  (see  p.  454). 
Starling,  however;  supports  Pawlow's  view  ;  provided  sufficient  time 
is  allowed  to  elapsCp  it  will  activate  any  amount  of  pancreatic  juice. 

Another  discovery  in  connection  with  succus  entericiis  has  been 
made  by  Otto  Cohnheim.  The  juice  has  no  action  on  native  proteins 
such  as  fibrin  and  egg-white,*  but  it  acts  on  proteoses  and  peptone- 
It  rapidly  breaks  them  up  into  simpler  substances,  of  which  ammonia, 
leucine,  tyrosine^  and  the  hexone  Itases  have  been  identified  Cohn- 
heim  has  named  the  ferment  to  which  this  is  due  erepsin.  Ham- 
burger found  that  erepsin  is  also  present  in  the  human  juice;  it  is 
not  identical  with  enterokinase  because  erepsin  is  destroyed  by  heat- 
ing the  juice  to  59*"  C  for  three  hours ;  enterokinase  is  not  destroyed 
until  the  temperature  is  raised  to  6T  G.  Other  observers  have  eon- 
firmed  the  discovery  of  erepsin,  but  have  found  that  it  or  a  similar 
ferment  is  present  in  most  tissues;  it  is  most  abundant  in  the 
kidney  (Yernon)» 

The  bile,  aa  we  shall  find,  has  little  or  no  digestive  action  by 
itself,  but  combined  with  pancreatic  juice  it  assists  the  latter  in  all 
its  actions.  This  is  true  for  the  digestion  of  starch  and  of  protein, 
but  most  markedly  so  for  the  digestion  of  fat.  Oeclusion  of  the  bile- 
duct  by  a  gall-atoue  or  by  inflammation  prevents  bile  entering  the 
duodenum.  Under  these  circumstances  the  faeces  contain  a  large 
amount  of  uiudigested  fat. 

The  importance  of  the  work  of  Pawlow,  and  the  other  physi- 
ologista  whose  names  have  been  mentioned,  arises  from  the  entirely 
new  light  thrown  upon  the  digestion  process  as  a  whole.  We  have 
been  too  apt  to  think  of  the  occurrences  in  the  alimentary  canal  as  a 
series  of  isolated  phenomena.  We  now  see  that  each  step  follows  in 
an  orderly  manner  as  the  result  of  the  previous  steps,  Tor  example, 
the  acid  gastric  juice  reaches  the  small  iutestinei  and  there  produces 
secretin  from  its  forerunner ;  the  secretin  is  taken  by  the  bloodstream 
to  the  pancreas,  where  it  excites  a  flow  of  pancreatic  juice;  this  juice 
arrives  in  the  duodenum  ready  to  act  on  starchy  substances  and  on 
fat     With  the  assistance  of  the  bile,  fatty  acid  is  liberated  which  in 

*  Cohnheim  has  investigated  ttic  action  of  erepHm  on  a  large  number  of  proteins  ; 
it  acts  eneti^eticfilly  on  proteoses*  peptone,  and  protAminea  t  on  histone,  which 
occupies  an  intermediate  place  between  protamines  and  the  other  proteins,  it  ha«  a 
slight  action.  On  the  other  native  proteins  it  ha^  no  action,  with  the  aingle  excep- 
tion of  caseinogen,  which  is  speedily  broken  up  into  simple  substances  ;  Qiis  opens 
up  the  interesting  physioKogical  possibility  that  the  sucMing  infaat  is  able  to  digest 
^Its  protein  nutriment  even  if  pepsin  and  trypsin  are  absent 
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its  turn  forme  more  secretm,  and  so  mor^  pancreatic  juice.  The 
pancreatic  jtnce,  however,  cannot  act  on  proteins  without  en  terokiiiaBe, 
which  is  Bupplied  bj  the  succus  entericus ;  *  this  sets  free  the  trypsin ; 
and  trypsin  with  the  assiatanee  of  er@p»in  effectively  carries  out 
digeativo  proteolysis. 

Bacterial  Action. 

The  gastric  juice  is  an  antiseptic ;  the  pancreatic  juice  is  not 
An  alkalme  fluid  like  pancreatic  juice  is  just  the  most  suitable  medium 
for  baelena  to  flourish  in.  Even  in  an  arti^cial  digestion  the  fiuid 
is  very  soon  putrid,  unless  special  precautions  to  exclude  or  kill 
bacteria  are  taken.  It  is  often  difficult  to  say  where  pancreatic 
action  ends  and  bacterial  action  begins,  as  miiny  of  the  bacteria  that 
grow  in  the  intestinal  contents  (having  reached  that  situation  in 
sptte  of  the  gaeti-ic  juice)  act  in  the  same  way  as  the  pancreatic  juice. 
Some  form  sugar  from  starch,  others  peptone^  leucine,  and  tyrosine 
from  proteins,  wliile  others,  again,  break  up  fats.  There  are,  how- 
ever, certain  actions  that  are  entirely  due  to  these  putrefactive 
organisms. 

i.  On  carbohydrates.  The  most  frequent  fermentation  they  set 
up  is  the  lactic  acid  fermentation  :  this  may  go  further  and  result  in 
the  formation  of  carbonic  acid,  hydrogen  and  butyric  acid  (see  p, 
395).  Cellulose  is  broken  up  into  carbonic  acid  and  methane.  This 
is  the  chief  cause  of  the  gases  in  the  intestine,  the  amount  of  which 
is  increased  by  vegetable  food. 

ii.  On  fats.  In  addition  to  acting  like  steapsin,  they  produce 
lower  acids  (valeric,  butyric,  etc.).  The  formation  of  acid  products 
from  fata  and  carbohydrates  gives  to  the  iotestinal  contents  an  acid 
reaction.  Recent  researches  show  that  the  contents  of  the  intestine 
become  acid  much  higher  up  than  was  formerly  supposed.  Organic 
acids  do  not,  however,  hinder  pancreatic  digestion. 

liL  On  proteins.  Fatty  acids  and  amino-acids,  especially  leucine 
and  tyrosine,  are  produced;  but  these  putrefactive  organisms  have  a 
specially  powerful  action  in  liberating  substances  having  an  evil 
odour,  like  indole  (C^HjN),  skatole  (C^H^),  and  phenol  (CgHflO). 
There  are  also  gaseous  products  in  some  cases. 

If  excessive,  putrefactive  processes  are  harmful ;  if  within  normal 
limits,  they  are  useful,  helping  the  pancreatic  juice,  and,  further, 
preventing  the  entrance  into  the  body  of  poisonous  products.  It  is 
possible  that,  in  digestion,  poisonous  alkaloids  are  formed.  Certainly 
this  is  so  in  one  well-known  case.  Lecithin,  a  material  contained  in 
small  quantities  in  many  foods,  and  in  large  quantities  in  egg-yolk 

•  The  mixture  of  pancreatic  and  intestinal  juice  is  extraord manly  powerful 
If  secretin  is  administered  to  a  fasting  animal  the  juice  secreted,  having  no  food  to 
act  upon,  will  produce  erosion  and  inflainmation  of  the  intestinal  wall     (Starling.) 
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and  brain,  i^  brokeu  up  by  the  pancreatic  juice  into  glycerin, 
phosphoric  acid,  fatty  acids,  and  an  alkaloid  called  choline.  We 
are,  however,  protected  from  the  poisonous  action  of  choline  by  the 
bacteria,  which  break  it  up  into  carbonic  acid,  methane,  and  ammonia. 

Leucine  and  Tyrosine- 

These  two  eubstancea  have  been  frequently  mentioned  in  the 
preceding  pages.  They  are  important  aa  types  of  the  final  cleavage 
products  of  proteins. 

Ijeucine  ia  usually  the  most  abundant  of  these  products,  and 
hitherto  we  have  spoken  of  it  as  amino-caproic  acid  (see  p,  401). 

But  according  to  the  way  in  which  the  amino-group  is  linked,  a 
large  number  of  isomeric  amino-caproic  acids,  all  with  the  same 
empirical  formula,  are  theoretically  possible.  Some  of  these  have 
been  actually  preparetl  in  the  laboratory ;  and  chemical  research  hae 
shown  that  the  amino-caproic  acid  called  leucine  formed  dtuing  diges- 
tion should  be  more  accurately  named  a-amino-isobutylacetic  acid 
(CH0,CH.CH,CH(NH,)COOH, 

T^prostne  is  a  little  more  complicated,  and  not  nearly  so  abund- 
ant ;  its  importance  arises  from  its  being  a  type  of  amino-acida  which 


contain  an  aromatic  radical.  The  constitution  of  tyrosine  or 
oxyphenyl -amino-propionic  acid  is  fully  explained  on  p.  403,  Leucine 
and  tyrosine  are  both  crystalline ;  the  former  crystaLlisos  in  the  form 
of  Bphotoidal  clumps  of  crystals,  the  latter  in  collections  of  fine  silken 
needles  (fig.  401). 

Extirpation  of  the  Pancreas. 

Complete  removal  of  the  pancreas  in  animals  and  diaeaaes  of  the 
pancreas  in  man  produce  a  condition  of  diabetes,  in  addition  to  the 
loss  of  pancreatic  action  in  the  intestines*     Grafting  the  pancreas 
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ler  uhaal  inlo  Am  ahir—ea  of  Ihe  ammal  from  which  the 
i  hfts  beea  mmonnd  igiicfvqi  tiicr  duli«lie  eondilioii- 
Hoir  the  pttseren  aeto  otfaor  thui  in  prtxhieiiig  the  puiereftlac 
juiee  IB  noi  bowiL  II  mam^  htmwfWGr^  hmvn  olher  hinrtwimi  related 
lo  Iho  goiieml  aiel&biilie  pIvnoiDeiia  of  the  bodr,  wfakh  nm  dtslm  bed 
bj  lemonl  or  diaatte  of  As  gland.  1!hia  it  mn  iDii&tffmtifHi  of  a 
nniToml  tnyi — ^rii^  thai  each  pari  of  the  body  doee  ool  meiBlr  do 
its  own  special  work,  bal  is  oooranrad  in  the  graal  ejde  of  changea 
whkh  is  called  genml  metahoiieBi.  iBterferaaoii  with  aoj  organ 
Qpeets  not  only  ifii  ipeeifia  tmuiAm^  bul  caiiaea  ifislitrfaaiioea  through 
the  bodj  g^nieimilj.  The  inlardep^ideiioa  of  the  ctrenlatorT  and 
leepiimlory  sjstems  is  a  weU-knowii  infltaiifiBi^  B8inioT:al  of  Iha  thyroid 
gland  ope&ta  the  wtiole  body,  prodoemg  wideepnoad  changes  known  as 
myxcBdema.  Bemoval  of  the  testes  prodnoes  not  only  a  loaa  of  the 
spermatic  Becte&m,  bnl  changes  the  whde  growth  and  appearani^ 
of  the  animal.  The  prBcise  way  in  which  these  glands  are  related  to 
the  general  body  proeeesee  is,  however,  a  subject  of  which  w©  know 
as  yet  very  little.  The  thecvy  al  present  meal  in  farotir  is  that 
certain  glands  produce  an  imiimaJ  s^f^nthn.,  whkh  leaves  them  vin 
the  lympb^  and  is  Iben  digtribnt^  to  minister  to  parte  elsewhera 
The  question  of  tha  internal  secretions  of  the  tbjToid  and  suprarenal 
capsules  is  discussed  in  Chap.  XXIIL  In  the  case  of  the  pancreas, 
the  theory  has  been  propounded  that  its  interaal  secretion,  stoppage 
of  which  in  some  way  leads  to  diabetes,  is  pnxiuced  in  the  islets  of 
I^ngerhans  (see  fig.  399,  p,  503),  but  if,  m  Dale  and  others  have 
shown,  these  are  only  phases  in  the  life*Mstory  of  the  secreting  acini , 
it  y  difficult  to  accept  this  exclusive  view. 


CHAPTEi:  XXXIU 

TUX  UVWR 


The  Liver,  the  largest  gland  in  the  body, sititated  in  the  alxluimn  mi 
tha  right  side  chiefly,  is  an  ex^^mely  v&scular  organ,  atul  iim Lvh tn  itM 
supply  of  blood  from  two  distinct  sourceSp  viz.,  from  the  portal  rnn 
and  from  the  hep^die  arUry,  while  the  blood  is  returiiLnJ  from  il   uih* 
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l».  v.|  dtietoft  Ttfiioiui;  u^  v.,  umbilical  ynln^    (NobLi»  Mmltik) 

the  vena  C4ya  inferior  by  the  hmaiie  viim.  Un  nmtintti^Ui  thn  Uh^  It 
convoyed  from  it  by  the  h^aiiedud,  c^itlier  rllntntly  lain  Ihn  liittrntlitfii 
or,  whea  digestion  is  not  goitig  m\^  into  tluv  ejfmit^  Awvi.ivwA  thnno© 
into  the  gall-bladder,  where  it  ivtuiuiniihU-eM  itntil  toipiinut.  TUo 
portal  vein,  hepatic  artery,  an<l  Iun>utitj  fliirt  Imint^j  to^ailbor  tlinmgh- 
out  the  liver,  while  the  hopatin  \i\\\\M  ami  ttmir  tHbutaritiH  nm  by 
themeelves. 

On  the  outside,  the  liver  haa  an  uicomtdi^t'Cs  covering  of  poritoneuin, 
and  beneath  this  is  &  very  fine  coat  of  areolar  tisHue,  continuous  over 
the  whole  surface  of   the  organ,     At  the   transverse   fissure  it  is 
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niorgal  in  the  areolar  inx^estriieiil  called  Glisson's  capsule,  which, 
surrouEdiiig  tiie  portal  vein,  hepatic  artery,  and  hepatic  duet,  accom- 
paniea  them  in  their  Ijraachings  through  the  siibstanee  of  the  liver. 

Strw:tur&, — The  liver  is  in  origin  a  tubular  gland,  but  as  develop- 
ment progressea  it  soon  loses  all  reaeniblatice  to  the  tubular  glands 
found  elsewhere.  It  is  made  up  of  small  roundish  or  oval  portions 
culled  lohiiles,  each  of  which  is  about  ^V  ^^  ^^  ^^^h  (alx^ut  1  mni.)  in 
diameter,  and  composed  of  the  liver  calls,  between  which  the  blood- 
vessels and  bile-vesaala  ramify.  The  hepatic  cells  (lig.  406),  which 
form  the  glandular  or  secreting  part  of  the  liver,  are  of  a  spheroidal 

form,  somewhat  polygonal  from 
mutual  pressure,  about  ^^  to 
Tirinr  inch  (about  ^  to  :^\  mm  ) 
in  diameter,  possessing  a  nucs- 
leuB,  sometimes  two.  The  cell 
protoplasm  contains  numerous 
fatty  particles,  as  well  as  a 
variable  amount  of  glycogen. 
They  are  held  together  by  a 
very  delicate  sustentacular 
tissue,  continuous  with  the 
inter-Iobular  connective  tissue. 
To  understand  the  distri- 
bution of  the  blood-vessels  in 
the  liver,  it  will  be  well  to 
trace,  first,  the  two  blood- 
vessels which  enter,  and  the 
duct  which  leaves  the  organ 
on  the  under  surface  at  the 
transverse  fissure,  vi^,  the 
,  ,  .       ...  portal  vein,  hepatic  artery,  and 

thtt9  «m  «l«Qi  saan  within  tbc  lmr>$e  mrUt  vein       t  .*       a      t.  n       \     a 

it^iDMoa*  orlfioM  of  tntflrlubultr  vdna   ariiing       OepatlC     UUCL       AS     t>etore    fO* 
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Fifi.  403*— lyOh^tuflinal  sectlOfi  of  i  portal  oliuI,  cson- 
tabling  A  portal  vAkci,  hepA.tlo  artary  ami  hepatic 
tJutit^  from  tb0  pig.  p,  brancb  of  vciaa  pt^rtn, 
HttuAttiiil  m  m  purtal  canal  sinQogBt  thu  iQbq.lot  uf 
the  Uv«r;  f,  1,  aii«i  givbis  olT  interlobular  vein*: 


dtfecfclT  ttom.  It;  a,  bepatJc  ai^iy;  tf,  liilQ  daet. 
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marked,  all  three  run  in  com- 
pany, and  their  appearance  on 
longitudiJial  section  is  shown  in  fig.  403.  Kunning  together  through 
the  substance  of  the  liver,  they  are  contained  in  smaH  channels  called 
portal  canalSj  their  immefiiate  investment  being  a  sheath  of  areolar 
tissue  continuous  with  Glisson's  capsula 

To  take  the  distribution  of  the  portal  vein  first: — In  its  course 
through  the  liver  this  vessel  gives  off  small  branches  which  divide 
and  auMivide  between  the  lobules  surrounding  them  and  limiting 
them,  and  from  this  circumstance  called  intcr-lohnlaT  veins.  From 
these  vessels  a  dense  capillary  network  is  prolonged  into  the  substance 
of  the  lobule,  and  this  network  converges  to  a  single  small  vein, 
fKicupyiiig  the  centre  of  the  lobule,  and  hence  called  tw/ra-lobular. 
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form  the  main  branches  of  the  h^atxc  veins,  which  leave  the  posterior 
border  of  the  liver  to  end  by  two  or  three  principal  trunks  in  the 
inferior  vena  cava,  just  before  its  passage  through  the  diaphragiEL 

The  sn^'lchular  and  hspatw  vmns,  unlike  the 
portal  vein  and  its  companions,  have  little 
or  no  areolar  tissue  around  them,  and  their 
coata  are  very  thin. 

The  hepatic  artery,  the  chief  function  of 
which  is  to  distribute  blood  for  nutrition 
to  Glisson'B  capsule,  the  walls  of  the  ducts 
and  blood-ve6^e>  and  other  parts  of  the 
liver,  is  distributed  in  a  very  similar  manner 
to  the  portal  vein,  ita  blood  being  returned 
by  small  branches  which  pass  into  the  capil- 
lary plexus  of  the  lobules  which  connecta 
the  intiT-  and  m^r a-lobular  veins. 

The  hepatic  duct  divides  and  subdivide© 
in  a  manner  very  like  that  of  the  portal  vein 
and  hepatic  artery,  the  larger  branches  being 
lined  by  calumThar,  and  the  smaller  by  amaU 
polygonal  epithelium. 

The  bile  capOlariee  commence  between 
the  hepatic  cells,  and  are  bounded  by  a  deli* 
cate  membranous  wall  of  their  own*  They 
are  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
from  the  nearest  blood  capillary  by  at  least  the  breadth  of  one  cell 
(figs.  406  and  407> 


PiiJ,  "«0e,— portion  of  K  lobul«  of 
liir«r.  d,  bile  c^pilUrlet  bs- 
tween  Hvets^eLli}  tb»D»ti?ark 
In  ivhicb  ti  mil  >Mti ;  6,  Mood 
P4plll4n«s.  X  ftfiiO.  C^ein 
&Qd  Noble  Smith.) 


/vp 


tiZf/ 


u^^. 


Fto.  40T."Hepftt^c  oeUa  kd,i3  bile  npilUri^Sf  fh)m  ibe  Uwr  ^f  a  ehnd  thrM  months  old.  Bdtb  Ggnrfl* 
represent  fngmAotji  of  a  B«ctioa  ciirri«d  t-hrotigh  the  p^rfpboiy  of  a  lobule.  Thtt  red  eorptuctn  of 
tb0  Nood  ftre  reoogalisd  hf  thefr  drculw  oonlour ;  vp,  comsuouda  to  an  fntedobulAr  v«ia  tn 
ImmadlAte  piriiijiiit^  with  whtcb  an  tb«  epltbelial  celU  of  Xh«  blltary  daoUp  to  whii;:)!,  »t  the  lowtt 
put  of  tb^  ilgiirfi*,  tliu  much  lirgfir  hepatic  oailn  mddenly  succeed.    (E.  Ho  ring.) 

To  demonstrate  the  intercellular  network  of  bile  capillaries^ 
Chrzons^ezewsky  employed  a  method  of  natural  iujeetion.  A 
saturated  aqueous  solution  of  sulph-indigotate  of  soda  is  iiitroduced 
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into  the  circulation  of  dogs  and  pigs  by  the  jugular  vein.  The 
animals  are  killed  an  hour  and  a  half  afterwards,  and  the  blood-vessela 
washed  free  from  blood,  or  injected  with  gelatin  stained  with  carmine. 
The  bile-ducts  are  then  seen  filled  with  blue,  and  the  blood-veasels 
with  red  material  If  the  animals  are  killed  sooner  than  this,  the 
pigment  is  found  within  the  hepatic  cells,  thus  demonstrating  it  was 
through  their  agency  that  the  canals  were  filled. 

Pfluger  and  Kupffer  have  since  this  shown  that  the  relation 
between  the  hepatic  cells  and  the  bile  canaliculi  is  even  more 
intimate,  for  they  have  demonstrated  the  existence  of  vacuoles  in  the 
cells  communicating  by  minute  intracellular  channels  with  the  adjoin- 
ing^ bile  canaliculi  (fig.   408).     It   is  important  to  notice  that  the 
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Fj^.  lOS.^t^ketcbw  UltuUAting  tko  mode  of  a}mmeiioezD«Qt  of  Ui>e  txUv  raiuklicuU  wttbln  th«  llvnr- 
cflUa  {OeidflnbalHj,  ftfter  Kiipflt^r},  A,  rkbl^it'B  liver,  li^ected  ttom  lit^p&tlc  duct  witli  Berlin  blae, 
Th«»  mtcrcelluUr  ciJiAUciiil  gfve  otT  minute  twigi  whJcb  peofitnte  inio  the  Llver-^cellSt  Kud  then? 
termfnftteta  TUcuolu-Uk^  enlmrgeiinente^  B,  Frog's  JJver  oatuEft]Jj  t^jKted  with  lalph-indJgotAta  of 
•od»,    A  itmliir  *ppe*riaoe  Is  obtaInefi»  bat  th*  communicating  twigs  *t«  miqIQed* 

bile  canaliculi  are  always  separated  by  at  least  a  portion  of  a  cell  from 
the  nearest  blood  capillaries,  and  that  the  formation  of  bile  is  no  mere 
transudation  from  the  blood  or  lymph.  The  liver *cells  take  certain 
materials  from  the  plasma  and  elaborate  the  constituents  of  the  bile, 
the  bile-salts  and  the  bile  pigments.  There  can  be  no  doubt  that 
these  substances  are  formed  by  the  hepatic  cells,  for  they  are  not 
found  in  the  blood  nor  in  any  other  organ  or  tiaaue ;  and  after  extirpa- 
tion of  the  liver  they  do  not  accnmnlate  in  the  blood. 

Intracellular  canahculi  in  the  liver -cells  are  not  unique.  Recent 
research  hy  Golgi's  method  has  shown  that  in  the  salivary  and 
gastric  glands,  and  in  the  pancreas^  there  is  a  similar  condition* 

Sch^ifer  has  further  shown  that  the  liver-cells  contain  not  only 
the  inti'acellular  bile  canaliculi,  but  also  intracellular  blood  canaliculi 
passing  into  the  cells  from  the  capillaries  between  them.  These 
are  too  minute  to  admit  blood-corpuscles. 
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form  the  main  branches  of  the  hepatic  veins,  which  leave  the  posterior 
border  of  the  liver  to  end  by  two  or  three  principal  trunkB  in  tho 
inferior  vena  cava,  just  before  ita  passage  through  the  diaphragna. 

The  suh-lohular  and  h^Hitic  vtins,  unlike  the 
portal  vein  and  ita  companions,  have  little 
or  no  areolar  tissue  around  them,  and  their 
coats  are  very  thin. 

The  hepatic  artery,  the  chief  function  of 
which  ia  to  distribute  blood  for  nutrition 
to  Glisson's  capsule,  the  walls  of  the  ducts 
and  blood-vessels*  and  other  parts  of  the 
Uver,  is  diBtributed  in  a  very  similar  manner 
to  the  portal  vein,  its  blood  being  returned 
by  small  branches  which  paae  into  the  capil- 
lary plexus  of  the  lobules  which  connects 
the  ini&r'  and  mim-lobular  veins. 

The  hepatic  duet  divides  and  subdivides 
in  a  manner  very  like  that  of  the  portal  vain 
and  hepatic  artery,  the  larger  branches  beine 
lined  by  calumnar,  and  the  smaller  by  small 
pdygomd  epithelium. 

The  bile  capillaries  commence  between 
the  hepatic  cells,  and  are  bounded  by  a  deli- 
cate membranous  wall  of  their  own.  They 
are  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
from  the  nearest  blood  capillary  by  at  least  the  breadth  of  one  cell 
(figa.  406  and  407), 


Fin.  40i3,— PyftioD  of  a  tobiilf^  of 
livar.  a^  bile  caplll^ii^  be- 
tvr«on  llTer*oolls,  thonytwork 
In  whi&b  U  well  B«an ;  b,  blood 
o&f^UlAiiM.  >:  S^.  (KleJii 
ftnd  Kabl«  Smith.) 


^^;:s^^^^ 


ly^"*'- 


Fio»  407.— 'H«itttlc  cell*  *iid  bile  capUlari«»,  from  the  Uvct  of  m  child  tliitw  months  cJci,  Both  t)gn»a 
ref^TQMut  fkigmentB  of  a  seictioii  iiarrifHi  through  tbc  pnrlph&ry  of  m  lobuls*  The  rad  corpojusioi  uf 
thi  blood  mre  rocognli^d  by  thnir  {;^rc.uUr  oontour ;  vpp  coimiponda  to  4ii  laUiri&bulftr  Tfltn  in 
1mm«il»t«  pfOJrimity  with  whlcb  are  the  opRlieli*l  cell*  of  th»  bilUry  ductB^  to  whleh^  At  the  lower 
[iftrl  of  tlie  Qgnreflj  tbe  mut:h  I&ip*r  hufiAtic  c«]l»  Ruddeoly  aueceed^    (B,  fieri bgO 

To  demonstrate  the  intercellular  network  of  bile  capillaries, 
ChrzeusEezewsky  employed  a  method  of  natural  injection,  A 
saturated  aqueous  solution  of  sulph-indigotate  of  soda  is  introduced 
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into  the  circulation  of  dogs  and  pigs  by  the  jugular  vein.  The 
animala  are  killed  an  hour  and  a  half  afterwards,  and  the  blood-vessels 
washed  free  from  blood,  or  injected  with  gelatin  stained  with  carmine* 
The  bile-ducts  are  then  seen  filled  with  blue,  and  the  blood-veaaels 
with  red  maberiaL  If  the  animals  are  killed  sooner  than  this,  the 
pigment  is  found  within  the  hepatic  ceUsj  thus  demonstrating  it  was 
through  their  agency  that  the  canals  were  filled. 

Pfluger  and  Kupffer  have  since  this  shown  that  the  relation 
between  the  hepatic  cells  and  the  bile  canalicuU  is  even  more 
intimate,  for  they  have  demonstrated  the  existence  of  vacuoles  in  the 
cells  communicating  by  minute  intracellular  channels  with  the  adjoin- 
ing bile  canaliculi  (fig,  408).     It  is  important  to  notice  that  the 
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Fjo,  ittS. — ^ketclids  lltustTmtln^  the  mode  of  oommfltiOBme'nt  of  the  bile  casiiiltcull  wLtkin  tbe  llvef* 
otUs  (Heidenhain,  aftef  Kui»lTer)*  A*  rabbJt'i  IWef,  IhjikjUkI  frwrn  hopatit?  liiirt  with  B^jrlln  blue* 
The  [iitflnr^<]liilAr  CA,ti&31cti11  give  off  inibutd  Iwtgip  vblcb  penetti,.bfl  intu  t^a  Uvfr-cfilU,.  &nd  tbiire 
termiuAte  In  TKCutifle^liki!  snlargiemente,  D,  fro^'HUver  nmtuimlly^  iinjecbei;!  vdth  iulpb-kudiiiDtftte  of 
sodA*    A  simn^T  appttiBooe  U  obtainec),  bat  the  commanlcatliig  twigs  ure  miiill«d. 

bile  canaliculi  are  always  separated  by  at  least  a  portion  of  a  cell  from 
the  nearest  blood  capillaries,  and  that  the  formation  of  bile  is  no  mere 
transudation  from  the  blood  or  lymph.  The  liver-cells  take  certain 
materiak  from  the  plasma  and  elaborate  the  constituents  of  the  bile, 
the  bile-salts  and  the  bile  pigments.  There  can  be  no  doubt  that 
these  substances  are  formed  by  the  hepatic  cells,  for  they  are  not 
found  in  the  blood  nor  in  any  other  organ  or  tissue ;  and  after  extirpa- 
tion of  the  liver  they  do  not  accumulate  in  the  blood. 

Intracellular  canaUculi  in  the  liver-cells  are  not  unique.  Becent 
research  by  Golgi's  method  has  shown  that  in  the  salivary  and 
gastric  glands,  and  in  the  pancreas,  there  is  a  similar  condition, 

Sch lifer  baa  further  shown  that  the  liver-cells  contain  not  only 
the  intracellular  bile  canahculi,  but  also  intracellular  blood  canaliculi 
passing  into  the  cells  from  the  capillaries  between  them.  These 
are  too  minute  to  admit  blood -corpuscles. 
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The  Gall-bladder  (a  B.,  fig.  402)  is  a  p^r-ehaped  bag,  attached  to 
the  under  eurfaoe  of  the  liver.  Its  smaller  end  contracts  into  the 
cystic  duct.  Ita  wall  is  constructed  of  three  coats.  (1)  ExterBallj 
(excepting  that  part  which  is  in  contact  with  the  liver)  is  the  serous 
coat,  which  has  the  same  atructura  as  the  peritoneum  with  which  it  is 
continuous.  Within  this  is  (2)  the  fibrov^  or  areolar  coat,  with  which 
is  mingled  a  considerable  number  of  plain  muscular  fibres,  both 
longitudinal  and  circular.  (3)  Internally  the  gall-bladder  ia  lined  by 
mucous  membrane  and  a  layer  of  columnar  epithaliuni.  The  gall* 
bladder  and  all  the  main  biliary  ducts  are  provided  with  mucous 
glands,  which  open  on  their  internal  surface. 


Functions  of  the  Liver. 

The  functions  of  the  liver  are  connected  with  the  general  meta- 
Imlism  of  the  body,  especially  in  connection  with  the  metabolism  of 
carbohydrates  (glycogenic  function);  and  in  connection  with  the 
metabolism  of  nitrogenous  material  (fonnation  of  urea  and  uric  acid)^ 
This  second  function  we  shall  discuss  with  the  urine.  The  third 
function  is  the  fonnation  of  bile,  which  it  will  be  convenient  to  take 
first. 

BUe. 

Bile  is  the  secretion  of  the  liver  which  is  poured  into  the  duo- 
deniun :  it  has  been  collected  in  living  animals  by  means  of  a  bUiary 
fistula ;  the  same  operation  has  occasionally  been  performed  in  human 
beings.  After  death  the  gall-bladder  yields  a  good  supply  of  bile 
which  is  more  concentrated  than  that  obtained  from  a  fistula 

Bile  is  being  continuously  poured  into  the  intestine,  but  there 
is  an  increased  discharge  immediately  on  the  arrival  of  food  in  the 
duodenum ;  there  ia  a  second  increase  in  secretion  a  few  hours  later. 

Though  the  chief  blood  supply  of  the  liver  is  by  a  vein  (the 
portal  vein),  the  amount  of  blood  in  the  liver  varies  with  its  needs, 
being  iiici*eased  during  the  periods  of  digestion*  This  is  due  to  the 
fact  that  in  the  area  from  which  the  portal  vein  collects  blood — 
stomach,  intestine,  spleen,  and  pancreas  —  the  arterioles  are  all 
dilated,  and  the  capillaries  are  thus  gorged  with  blood.  The  active 
peristalsis  of  the  intestine  and  the  pumping  action  of  the  spleen  are 
additional  factors  in  driving  more  blood  onwards  to  the  liver 

The  bUe  is  secreted  from  the  portal  blood  at  much  lower  pressure 
than  one  finds  in  glands  such  as  the  salivary  glands,  the  blood  supply 
of  which  is  arterial,  Heidenhain  found  that  the  pressure  in  the  bUe 
duct  of  the  dog  averages  15  ram,  of  mercury,  which  is  nearly  double 
that  in  the  portal  vein.  This  fact  illustrates  the  general  truth  that 
secretion  is  not  a  mere  process  of  passive  filtration,  but  that  the  coUs 
exercise  secretory  force. 
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The  aeeond  increase  in  the  flow  of  bile — that  which  occurs  aome 
hours  after  the  arrival  of  the  seiiii-digested  food  (chjnie)  in  the 
intestine — appears  to  be  due  to  the  eifect  of  the  digestive  products 
carried  bj  the  blood  to  the  liver,  stimulating  the  hepatic  cells  to 
activity:  this  is  supported  by  the  fact  that  protein  food  increases 
the  quantity  of  bile  secreted,  whereas  fatty  food  which  h  absorbed, 
not  by  the  portal  vein,  but  by  the  lacteals,  has  no  such  eff*3ct  It  is, 
however,  possible  that  the  increased  flow  is  due  to  the  action  of 
secretin,  for  this  material  stimulates  the  liver  as  well  as  the 
pancreas. 

The  chemical  process  by  which  the  constituents  of  the  bile  are 
formed  is  obscure.  We,  however,  know  that  the  biliary  pigment  is 
produced  by  the  decomposition  of  haemoglobin,  Bilinibin  is,  in  fact, 
identical  with  the  iron-free  derivative  of  hsemoglobin  called  hiBma- 
toidin,  which  is  found  in  the  form  of  crystals  in  old  blood -clots  such 
as  occur  in  the  brain  after  cerebral  haemorrhage  (see  p,  443). 

An  injection  of  haemoglobin  into  the  portal  vein  or  of  substances 
such  as  water  which  liberate  haemoglobin  from  the  red  blood -corpuscles 
produces  an  increase  of  bile  pigment.  If  the  spleen  takes  any  part 
in  the  elaboration  of  bile  pigment,  it  does  not  proceed  so  fat  as  to 
liberate  hemoglobin  from  the  corpuscles.  No  free  bcemoglobin  is 
discoverable  in  the  blood  plasma  in  the  splenic  vein. 

The  amount  of  bile  secreted  ia  differently  estimated  by  cUfferent 
observers ;  the  amount  secreted  daily  in  man  varies  from  500  c,c.  to 
a  litre  (1000  c.a> 

The  constitueBta  of  the  bile  are  the  bile  salts  proper  (tauro- 
cholate  and  glycocholate  of  soda),  the  bile  pigments  (bilirubin^ 
biliverdin),  a  mucinoid  aubstanco,  small  quantities  of  fata,  soaps, 
cholesterin,  lecithin,  urea,  and  mineral  salts,  of  which  sodium  cldoride 
and  the  phosphates  of  iron  and  calcium  are  the  most  important. 

Bile  is  a  yellowish,  reddish-brown,  or  green  fluid,  according  to  the 
relative  preponderance  of  its  two  chief  pigments.  It  has  a  musk-like 
odour,  a  bitter-sweet  taste^  and  a  neutral  or  faintly  alkaline  reaction. 

The  specific  gravity  of  human  bile  from  the  gall-bladder  is  1026 
to  1032;  that  from  a  fistula,  1010  to  1011,  The  greater  concentra- 
tion of  gall-bladder  bile  is  partly  but  not  wholly  explained  by  tbe 
addition  to  it  from  the  walls  of  that  cavity  of  the  mucinoid  material 
it  secretes. 

The  amount  of  solids  in  gall-bladder  bile  is  from  9  to  14  per 
cent.,  in  fistula  bile  from  I '5  to  3  per  cent  The  following  table  shows 
that  this  low  percentage  of  solids  ie  almost  entirely  due  to  want  of  bile 
salts.  This  can  be  accounted  for  in  the  way  first  suggested  by  Schiff 
— that  there  is  normally  a  bile  circulation  going  on  in  the  body,  a 
large  quantity  of  the  bile  salts  that  pass  into  the  intestine  being  first 
split  up,  then  reabsorbed  and  again  secreted.    Such  a  circulation 
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woiild  obviously  be  impossible  in  cases  where  all  the  bil©  is  die^ 

charged  Lo  the  exterior. 

The  following  table  gives  some  importaiit  anal jees  of  human  bile : — 


Cbnrtltiieiit*. 

K€irm*l  bile 

Sodium  glj^cocholate 
,  Sod  turn  tAurcx^hokte 
Cholesterin,  lecithin,  fat  , 
Mucinoid  material    , 
Pigment  .... 
Inotn^anic  salts 

j     o-easo    i 

0"0iBO 
0*1723 

0-0725 
0^4510 

0165 

0-055 
0-038 

)         0-148 

0-878 

}         9'!^ 
1-18 
2  98 
0-7S 

Total  solids       . 

Water  (by  dlffspentie) 

14230 

98-5570 

1-284 
B8-7lft 

U-08 
85 -&2 

Bile  Mucin.— There  has  baen  considerable  diversity  of  opinion 
as  to  whether  bile  mucin  ia  really  mucin.  The  most  recent  work  in 
Hammarsteu's  laboratory  shows  that  differences  occur  in  differont 
animals.  Thus  in  the  ox  there  is  very  little  true  mucin,  but  a  great 
amount  of  nucleo-protein ;  in  human  bile,  on  the  other  hand,  there 
is  vary  little  if  any  nucleo-protein ;  the  mucinoid  material  present 
there  is  really  mucin. 

The  Bile  Salts. — The  bile  contains  the  sodium  salts  of  complex 
amino-acids  called  the  bile  acids.  The  two  acids  most  frequently 
found  are  glycochoUc  and  taurocholic  acids.  The  former  is  the  more 
abundant  in  the  bile  of  man  and  herbivora;  the  latter  in  carnivorous 
animals*  like  the  dog.  The  most  important  difference  between  the 
two  acids  is  that  taiu-ochoHc  acid  contains  sulphur,  and  glycochoUc 
acid  does  not 

Qlycocholic  acid  (C^H^gNOo)  is  by  the  action  of  dilute  acids  and 
alkalis,  and  also  in  the  intestine,  hydrolysed  and  split  into  glycine  or 
amino- acetic  acid  and  cholaJic  acid. 

C^H   NO,   +    H,0   =    C.H,NO,   4-   C.,H,,0,. 

The  glj'co chelate  of  soda  has  the  formula  C^nHi^^NaNO^. 
Taurocholic  acid  (Gg^jHisNOyS)  similarly  splita  into  taurine  or^ 
amino-isethionic  acid  and  cholalic  acid 


+    H„0 


C^HjNO,S 

lT*uiriiio4 


The  tiiurocholate  of  soda  has  the  formula  Cj^uH^^NaNO^S* 

The  colour  reaction  called  Pettenkofer'e  reaction  is  d  ue  to  the 
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presence  of  cholalic  acid.  Small  quantities  of  cane  sugar  and  strong 
Bulphurie  acid  are  added  to  the  bile.  The  sulphuric  acid  acting  on 
sugar  forms  a  small  quantity  of  a  substance  called  fuTfiiraMehyde.  in 
addition  to  other  products.  The  furfuraldehyde  gives  a  brilliant 
purple  colour  with  cholalic  acid. 

The  Bile  Pigments — The  two  chief  bile  pigments  are  bilirubin 
and  bUiverdiu-  Bile  which  contains  chiefly  tlie  former  (such  as  dog's 
bile)  is  of  a  golden  or  orange-yellow  colour,  while  the  bile  of  many 
herbivora,  which  contains  cliiefly  biliverdin,  is  either  green  or  bluish- 
greeu.  Human  bile  is  generally  described  as  containing  chiefly 
bOirubin,  but  there  have  been  some  cases  described  in  which  biUverdii 
was  in  excess.  The  bile  pigments  show  no  absorption  bands  with 
the  spectroscope ;  tliey  origiuate  from  the  blood  pigment  (see  p,  519), 

BiUrubln  has  the  formula  CjgHigN^Ojj:  it  is  thus  an  iron-free 
derivative  of  haBmoglobin.  The  iron  is  apparently  stored  up  in  the 
liver  cellsj  perhaps  for  future  use  in  the  manufacture  of  new  hflsmo- 
globin.     The  bUe  contains  only  a  trace  of  iron. 

Billverdin  has  the  formula  Ci^Hu^N^.O^  (!«.,  one  atom  of  oxygen 
more  than  in  bilirubin):  it  may  occur  as  such  in  bile;  it  may  be 
formed  by  simply  exposing  red  bile  to  the  oxidising  action  of  the 
atmosphere ;  or  it  may  be  formed  aa  in  Gmelin's  test  by  the  more 
vigorous  oxidation  produced  by  fuming  nitric  acid. 

Omelin'B  test  consists  in  a  play  of  colours — green,  blue,  red,  and 
finally  yellow,  produced  by  the  oxidiamg  action  of  fuming  nitric  acid 
(that  iSi  nitric  acid  containing  nitrous  acid  in  solution),  The  end  or 
yellow  product  is  called  cholttdin,  Q^fi^^^fi^^ 

HydrobiUrubin. — If  a  solution  of  bilirubin  or  biliverdin  in  dilute 
alkali  is  treated  with  sodium  amalgam  or  allowed  to  putrefy,  a 
brownish  pigment,  which  is  a  reduction  product,  is  formed  c^dJed 
hydrobilirubm,  Ci-^H^^jK^Oy.  With  the  spectroscope  it  shows  a  dark 
absorption  band  between  h  and  F,  and  a  fainter  band  in  the  r^on 
of  the  D  line. 

This  substance  is  interesting  because  a  similar  substance  is  formed 
from  the  bile  pigment  by  reduction  processes  in  the  intestine,  and 
constitutes  stercohilin,  the  pigment  of  the  feeces.  Some  of  this  is 
absorbed  and  ultimately  leaves  the  body  in  the  urine  as  one  of  its 
pigments  called  urohilm,  A  small  quantity  of  urobilin  is  sometimes 
found  preformed  in  the  bile.  The  identity  of  urobilin  and  stercohilin 
has  been  frequently  disputed,  but  the  recent  work  of  Garrod  and 
Hopkins  has  confirmed  the  old  statement  that  they  are  the  same 
substance  witli  different  names.  Hydrobilii^ubin  differs  from  urobilin 
in  containing  more  nitrogen  (9  2  instead  of  4:1  per  cent,)- 

Gholesterin. — This  substance  is  containetl  not  only  in  bile,  but 
very  largely  in  nervous  tissues.  Like  locithinj  it  is  an  abuntJant 
constituent  of  the  white  aubstance  of  Schwann.     It  is  found  also 
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ia  blood-corpiiseles.    In  bile  it  is  normally  present  in  small  quanti- 
ties only,  but  it  may  occur  in  exeeas.  and   form  the  concretirjiis 
known  as  gall-stones,  which  are  usually  more  or  less  tinged  with  j 
bilirubin. 

Though  its  solubilities  remind  one  of  a  fat,  cholesterin  is  not  a 
fat.  It  is,  in  fact,  chemically  speaking,  a  monatoniic  alcohol  probably 
of  the  terpene  series.     Its  fonnula  is  C^jH^^HO. 

From  alcohol  or  ether  contaimi)"  water  it  crvatallises  in  the  form  ' 
of  rhombic  tables,  which  contain  one  molecule  of  water  of  crystal- 
lisation:   these  are   easily   recognised 
under  the  microscope  (see  fig,  409), 

It  gives  the  following  colour 
tests : — 

1,  Heated  with  sulphuric  acid  and 
water  (5 : 1),  the  edges  of  the  crystals 
turn  red. 

2,  A  solution  of  cholesterin  in 
chloroform,  shaken  with  an  etjual 
amount  of  concentrated  sulphuric  acid, 
turns  red,  and  ultimately  purple,  the 

su  bjacent  acid  acquiring  a  green  fluoree- 

Fm.-Kje^-cryiUiiinflw^ifflQfciioiesteriji.     cence.     (Salkowski's  reaction.) 

3,  If  acetic  anhydride  is  added  to 
a  chlorofonnic  solution  of  cfiolesterin,  and  then  sulphuric  acidj  drup 
by  drop,  a  red  coloration,  wbioh  clmnges  to  bluish -green,  is  producetl 
(Liebermann's  reaction). 

The  phyaiologiciil  signiHeance  of  cholesterin  is  entirely  unknown, 

A  substance  called  iso-cholestmnnj  isomeric  with  ordinary  chole- 
sterin, is  found  in  the  fatty  secretion  of  the  skin  (sebum);  it  is 
largely  contained  in  the  preparation  called  lanotine  made  from  sheep'a- 
wool  fat.  It  does  not  give  Salkowski's  reaction  with  chloroform  and 
sulphuric  acid  just  described. 

The  Uses  of  Bile, — ^Bile  is  doubtlesBj  to  a  certain  extent, 
excretory.  Some  state  that  it  has  a  slight  actit>n  on  fats  and  carbo- 
hydratcSi  but  its  principal  action  is  as  a  coadjutor  to  tho  pancreatic 
juice  (especially  in  the  digestion  of  fat).  In  some  animals  it  has  a 
feeble  dlastatic  power. 

Bile  is  said  to  be  a  natural  anti&optic,  lessening  tho  putrefactive 
processes  in  the  intestine.  This  is  very  doubtful  Though  the  bile 
salts  are  weak  antisepticsj  tfie  bile  itself  is  readily  putiB&cible,  and 
the  power  it  has  of  diniinishing  putrescence  in  the  intestine  is  due 
chiefly  to  the  fact  that  by  increasing  absorption  it  lessens  tho  amount 
of  putroscible  nmtter  in  the  bowel,  , 

When  the  bile  meets  the  chyme  the  turbidity  of  the  latter  is  ' 
increased  owing  to  the  precipitation  of  unpeptonised  protein*     This 
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is  an  action  due  to  the  bile  salts,  and  it  has  been  surmised  that  this 
conversion  of  the  chyme  into  a  more  viscid  mass  ia  to  hinder  some- 
what its  progress  through  the  intestines ;  it  clings  to  the  intestinal 
waU,  thus  allowing  absorption  to  take  place. 

Bile  is  alkaline ;  it  therefore  assists  the  pancreatic  juice  in  neutral- 
ising the  acid  mixture  that  leaves  the  stomacL 

Bile  assists  the  absorption  of  fats,  as  we  shall  see  in  studying  that 
subject.     It  is  also  a  solvent  of  fatty  acids. 

We  have  seen  that  fistula  bOe  is  poor  in  solids  as  compared  with 
normal  bile,  and  that  this  is  explained  on  the  supposition  that  the 
normal  bile  circulation  is  not  occurring — the  liver  cannot  excrete 
what  it  does  not  receive  back  from  the  intestine.  Sehiff  was  the  first 
to  show  that  if  the  bile  is  led  back  into  the  duodenum,  or  even  if  the 
animal  is  fed  on  bile,  the  percentage  of  solids  in  the  bOe  excreted  ia 
at  once  raised  It  is  on  these  experiments  that  the  theory  of  a  bile 
circulation  is  mainly  founded.  The  bile  circulation  relates,  however, 
ciiiefly,  if  not  entirely,  to  the  bile  salts :  they  are  found  but  sparingly 
in  the  f^cea ;  they  are  only  represented  to  a  slight  extent  in  the  urine : 
hence  it  is  calculated  that  seven-eighths  of  them  are  re-absorbed  from 
the  intestine.  Small  quantities  of  cbolalic  acid,  taurine,  and  glycine 
are  found  in  the  faeces ;  the  greater  part  of  these  products  of  the  decom- 
position of  the  bile  salts  is  taken  by  the  portal  vein  to  the  liver,  where 
they  are  once  more  synthesised  into  the  bile  salts,  Some  of  the  taurine 
is  absorbed  and  excreted  as  tauro-carbamic  acid  in  the  urine.  Some  of 
the  absorbed  glycine  may  be  excreted  as  urea  or  uric  acid.  The 
cholesterin  and  mucus  are  found  in  the  fteces ;  the  pigment  ia  changed 
into  stercobilin  (see  p.  521). 

Tlie  bile^xpelling  mechanism  must  be  carefidly  distinguished 
from  the  bile -secreting  action  of  the  liver-cells.  The  bile  is  forced 
into  the  ducts,  and  ultimately  into  the  duodenum,  by  the  pressure  of 
newly-formed  bile  pressing  on  that  previously  in  the  ducts,  and  this 
is  assisted  by  the  contraction  of  the  plain  muscular  fibres  of  the 
larger  ducts  and  gall-bladder,  which  occurs  reflexly  when  the  food 
enters  the  duodenum.'  In  cases  of  obstruction,  as  by  a  gall-stone,  in 
the  ducts,  this  action  becomes  excessive,  and  gives  rise  to  the  intense 
pain  known  as  k^atic  colic 

Many  cholagogms  (bile-drivers),  such  as  calomel,  act  on  the  bile- 
expelling  mechanism  and  increase  the  peristalsis  of  the  muscular 
tissue ;  they  do  not  really  cause  an  increased  formation  of  bila 

Jaundice. — The  commonest  form  of  jaundice  is  produced  by 
obstruction  in  the  bile  ducts  preventing  the  bile  entering  the 
intestine,  A  very  small  amount  of  obstruction,  for  instance,  a 
plug  of  mucus  produced  in  excess  owiug  to  inflammatory  pro- 
cesses, will  often  be  sufficient,  as  the  bile  is  secreted  at  such  low 
pressure.     Under  these  circumstances,  the  fssces  are  whitish  or  clay 
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coloured,  and  the  bile  paasing  backwards  into  the  lymph,*  enters 
the  blood  and  is  thus  distributed  over  the  body,  causing  a  yellow 
tint  in  the  akin  and  mucons  membranes,  and  colouring  the  urine 
deeply. 

In  some  cases  of  jaundice,  however  (e.g,,  produced  by  various 
poisons),  there  is  no  obvious  obstruction;  the  causes  of  non- 
obstructive, or  blood-jaundice,  form  a  pathological  problem  of  some 
interest.  A  few  years  ago  it  was  believed  that  the  bOe  pigment  was 
actually  produced  in  the  blood  But  all  recent  work  shows  that  the 
liver  is  the  only  place  where  production  of  bile  occurs,  and  that  in  all 
cases  of  so-called  non-obstructive  jaundice,  the  bO©  is  absorbed  from 
the  liver.  There  may  be  obstruction  present  in  the  smaller  ducts,  or 
the  functions  of  the  liver  may  be  ao  upset  that  the  bile  passes  into 
the  lymph  even  when  there  is  no  obstruction. 


The  Olycogenic  Function  of  the  Liver* 

The  important  fact  that  the  Uver  normally  forms  sugar,  or  a 
aubatance  readily  convertible  into  it,  was  discovered  by  Claude 
Bernard  in  the  following  way:  he  fed  a  dog  for  seven  days  with  food 
containing  a  large  quantity  of  sugar  and  starch;  and,  as  might  be 
expected,  found  sugar  in  both  the  portal  and  hepatic  blood.  But 
when  this  dog  was  fed  with  meat  only,  to  his  surprise,  sugar  was  still 
found  in  the  blood  of  the  hepatic  veLna.  Repeated  experiments  gave 
invariably  the  same  result;  no  sugar  was  found,  under  a  meat  diet, 
in  the  portal  vein,  if  care  were  taken,  by  applying  a  ligature  on  it  at 
the  transverse  fissure,  to  prevent  reflux  of  blood  from  the  hepatic 
venous  system,  Bernard  found  sugar  also  in  the  substance  of  the 
liven  It  thus  seemed  certain  that  the  liver  formed  sugar,  even  when, 
from  the  absence  of  carbohydrates  in  the  food,  none  could  have  been 
brought  directly  to  it  from  the  stomach  or  intestines, 

Bernard  found,  subsequently,  that  a  liver,  removed  from  the 
body,  and  from  which  all  sugar  had  been  completely  washed  away  by 
injecting  a  stream  of  water  through  its  blood-vessels,  contained  sugar 
in  abundance  after  the  lapse  of  a  few  hours.  This  post-mortem  pro- 
duction of  sugar  was  a  fact  which  could  only  be  explained  on  the 
supposition  that  the  Uver  contained  a  substance  readily  convertible 
into  sugar;  and  this  theory  was  proved  to  be  correct  by  the  dis- 
covery of  a  substance  in  the  Uver  allied  to  starch,  and  now  termed 
glycogen  or  animal  starch.  We  are  thus  led  to  the  conclusion  that 
glycogen  is  formed  first  and  stored  in  the  liver  cells,  and  that  the 
sugar,  when  present,  is  the  result  of  its  transformation. 

Source  of  Glymgm. — Although  the  greatest  amount  of  glycogen 

*  The  absorption  is  by  the  lymph,  becftusc  if  jaimdice  is  produced  in  an 
animal  by  ligature  of  the  bile  duc't,  It  will  cease  wheu  Che  tbamcic  clui^t  is  tied. 
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is  produced  by  the  liver  upon  a  diet  of  starch  or  sugar,  a  certain 
quantity  is  produced  upon  a  protein  diet.  It  must,  then,  be  protluced 
bj  protoplasmic  activity  within  the  cells*  The  glycogen  when  storecJ 
in  the  liver  cells  may  readOy  be  demonstrated  in  sections  of  liver 
containing  it  by  its  reaction  (red  or  port-wine  colour)  with  iodine,  and 
moreover,  when  the  hardened  sections  are  soaked  in  water  in  order  lo 
disaolve  out  the  glycogen,  the  protoplasm  of  the  cell  is  so  vacuolated 
as  to  appear  little  more  than  a  framework.  In  the  liver  of  a  hiber- 
nating frog  the  amount  of  glycogen  stored  up  in  the  outer  parts  of 
the  liver  cells  is  very  conaiderable. 

Aviimff0  Amounl  of  Gl^og^n  in  (ft*  l^w  o/Dv^t  undsr  vnrhtm  IH$i$  CPaTy)i 


ni«t, 
Anima!  food 


Ajuoi]ut  of 
Gljcogoalu  Liver, 
7'1&  percent 
14-5 
17*23 


iAnlnml  food  witb  sugar  (about  J^lb  of  sugar  daily) 
Vegetable  diet  (potatoeSt  with  bread  or  barley-meal) . 
The  dependence  of  the  formation  of  glycogen  on  the  kind  of  food 
taken  is  also  well  shown  by  the  following  results^  obtained  by  the 
same  experimenter  :— 

A««Tfitf*  Quanliijf  of  Qtyeoff^en  found  in  Ih*  JA^tn"  ofMahhih  after  Ftutim}^  and 
iifitr  a  Diet  of  Biiirrh  ami  Sv^ar  rt^p^eUvd^, 

Averig^  wnount  of 
Ulycogeti  ib  Liver, 

After  &8t!ng  for  three  days  .        .        .        >        .    FractiiMy  absent 
„     diet  of  starch  and  grape-sugar      ,        ,        ,     15 '4  percent. 
„         I,     cane-sugar 16 '9       „ 

The  diet  most  favourable  to  the  production  of  a  large  amount  of 
glycogen  is  a  mixed  diet  Gontaining  a  large  amount  of  carbohydrate, 
but  with  some  portein.  Fats  taken  in  as  food  do  not  increase  the 
amount  of  glycogen  in  the  cells,  although  glycerin  may  do  so. 

Destination  of  Glycog&n.-^TheTe  are  two  chief  theories  as  to  the 
destination  of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted 
into  sugar  during  life  by  the  agency  of  a  ferment  (liver  diastas$)  also 
formed  in  the  liver;  and  that  the  sugar  is  conveyed  away  by  the 
blood  of  the  hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.) 
That  the  conversion  into  sugar  only  occurs  after  death,  and  that 
daring  life  no  sugar  exists  in  healthy  livers^  glycogen  not  undergoing 
this  transformation* 

The  first  view  is  that  of  Claude  Bernard,  and  has  been  adopted  by 
the  majority  of  physiologists.  The  second  view  m  that  of  Pavy: 
he  denies  that  the  liyer  is  a  sugar-forming  organ,  he  regards  it  as  a 
sugar-destroying  organ;  the  sugar  is  stored  as  animal  starch,  but 
never  again  leaves  the  liver  as  sugar  during  life.  He  has  been  unable 
to  find  more  sugar  in  the  hepatic  blood  than  in  the  portal  blood. 
Other  observers  have  found  an  increase  in  the  sugar  of  the  blood 
leavii^   the   hver,  but  the  estimation   of  sugar  in  a  fluid  rich  in 
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proteina  is  a  matter  of  great  difficulty.  Even  if  the  increase  lb  so 
amall  aa  hardly  to  Im  detected,  it  must  be  remembered  that  the 
wliole  blood  of  the  body  passes  through  the  liver  about  one©  a 
minute,  so  that  a  very  small  increase  each  time  would  tnount  up  to 
a  large  total 

Pavy  further  denies  that  the  posi-mortem  formation  of  sugar  from 
glycogen  that  occurs  in  an  excised  liver  is  a  true  picture  of  what 
occurs  during  life,  but  is  due  to  a  ferment  which  is  only  formed  after 
death.  During  life,  he  regards  the  glycogen  as  a  source  of  other 
substances,  like  fat  and  protein.  It  is  certainly  a  fact  that  increase 
of  carbohydrate  food  leads  to  the  formation  of  fat  in  the  body  and  in 
the  liver-cells.  In  support  of  the  theory  that  glycogen  may  also  con- 
tribute to  the  formation  of  proteina,  he  has  shown  that  many  proteins 
contain  a  carbohydrate  radical 

The  whole  question  is  under  keen  discuBsion  at  present  We 
may  state,  however,  that  the  prevalent  opinion  is  that  the  liver- 
ceUs  may  be  able  to  convert  part  of  the  store  of  glycogen  into  fat, 
but  that  most  of  the  glycogen  leaves  the  liver  as  sugar  (dextrose),  so 
justifying  the  name  (literally,  mother  substance  of  sugar)  given  to 
it  by  Bernard* 

Diabetes. — In  certain  disorders  of  metaboliBm,  excess  of  sugar 
occurs  in  the  blood,  and  leaves  the  body  by  the  urine  (glycosuria). 
This  may  be  due  to  temporary  causes,  as  for  instance  in  what  is 
called  "alimentary  glycosuria**;  in  this  condition  the  diet  contains 
too  much  carbohydrate  for  the  liver  to  store  as  glycogen,  and  the 
excess  passes  into  the  blood ;  it  is  most  readUy  produced  in  conditions 
where  the  liver  is  inactive,  and  may  be  remedied  by  reducing  the 
carbohydrate  ingested,  or  by  improving  the  condition  of  the  liver. 
In  other  cases,  as  in  puncture  diabetes,  immediately  to  be  described, 
it  is  .due  to  an  excessive  action  of  the  liver  cells  converting  glycogen 
into  sugar.  In  other  cases,  again,  it  is  due  to  an  inability  of  the 
organism  to  burn  {ie,  utilise)  sugar,  and  this  is  the  usual  condition  in 
diabetes  mellitus  in  man.  A  similar  condition  may  be  produced  in 
animals  by  removal  of  the  pancreas.  In  most  of  these  cases  the 
diabetic  condition  may  be  removed  by  rigid  abstention  from  starchy 
and  saccharine  food.  In  other  cases  diet  makes  little  or  no  difi'erenee ; 
in  this  condition  the  sugar  must  come  froru  the  metabolism  of  the 
protein  constituents  of  protoplasm ;  40  per  cent,  or  more  of  the 
katabolisod  protein  mny  leave  the  body  as  sugar,  certain  of  its 
cleavage  products  (for  instance,  alanine,  see  p,  597)  acting  as  inter- 
mediate Bubstances  in  sugar  formation. 

The  principal  ways  in  which  diabetes  may  be  produced  in  animals 
are  the  following : — 

(1)  B^  diaheiw  jmndure, — C.  Bernard  was  the  first  to  show  that 
injury  to  the  floor  of  the  fourth  ventricle  in  tlie  region  of  the  vaso* 
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motor  centre  leads  to  glycosuria.  In  man,  also,  dieeaae  of  the  bulb  ia 
frequently  associated  with  glycosuria.  These  observations  led  to  the 
erroneous  conelusiun  that  diabetes  is  always  of  nervous  origin.  The 
dial^etes  produced  in  this  way  cannot  be  wholly  due  to  vaso-motor 
disturbances,  but  is  more  probably  due  to  an  iniluenco  on  the  nerves 
of  the  liver  which  control  its  glycogenic  function  (see  p.  528),  for  the 
glycosuria  only  occurs  when  the  liver  has  witbin  it  a  store  of  glycogen* 

(2)  By  extirpation  of  the  ^aTicrea^.— (See  also  p.  511).  It  is 
probable  that  in  diabetes,  the  oxidative  powers  of  the  body-cells  are 
lessened.  Nevertheless,  other  diseases  in  which  dioiinished  ojddatiou 
occurs  are  not  necessarily  accompanied  with  glycosuria.  The  diffi- 
culty in  diabetes  probably  lies  in  an  impairment  of  the  capacity  of 
the  cells  of  the  body  to  prepare  the  sugar  for  oxidation.  In  this 
process  the  sugar  or  its  derivative  glycuronic  acid  is  split  into 
smaller  molecules  and  ultimately  into  water  and  carbon  dioxide. 
The  close  relationship  of  sugar  and  glycuronic  acid  is  shown 
by  the  following  fommlsBi — 

COH  COH 

(CHOH),  (CHOH), 

CH^OH  COOH 

That  ia  two  hydrogen  atoms  in  the  CH«OH  group  are  replaced  by 
one  of  oxygen.  This  oxidation  is  readily  brought  about  in  the  body, 
and  glycuronic  acid  is  usually  found  in  diabetic  urine;  hut  the 
further  oxidation  into  water  and  carbon  dioxide  is  a  more  difficult 
task,  because  it  involves  the  disruption  of  the  linkage  of  the  carbon 
atoms.  Perhaps  it  is  here  that  the  internal  secretion  of  the  pancreas 
is  effective.  This,  however,  is  at  present  a  mere  theory,  and  certainly 
D'pine*s  idea  that  the  ferment  of  the  pancreatic  internal  secretion  is 
one  which  initiates  glycolysis  or  sugar-splitting  in  the  bloody  has  been 
abundantly  disproved.  It  may  be  that  the  active  principle  of  the 
pane r eat ic  internal  secretion  stimulates  the  glycolytic  action  of  the 
tissue -cells. 

(3)  B}/  admimstTQiimi  of  ph!oridzin.~Ma,ny  poisons  produce 
temporary  glycosuria,  but  the  most  interesting  and  powerful  of  these 
is  phloridzin.  Phloridzin  is  a  glucoside,  but  the  sugar  passed  in  the 
urine  is  too  great  to  be  accounted  for  by  the  small  amount  of  sugar 
derivable  from  the  drug.  Besides  that,  phloretin,  a  derivative  of 
phloridzin,  free  from  sugar,  produces  the  same  results. 

Phloridzin  produces  diabetes  in  starved  animals,  or  in  those  in 
which  any  carbohydrate  store  must  have  l>een  got  rid  of  by  the 
previous  administration  of  the  same  drug,  Phloridzin-diabetes  is 
therefore  analogous  to  those  intense  forms  of  diabetes  in  man  iu  which 
the  sugar  must  be  derived  from  protoplasmic  metabolism, 

A  puz'/ling  feature  is  the  abseneo  of  an  increase  of  sugar  in  the 
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blood;  if  the  phloridzin  is  directly  injected  into  one  renal  artery, 
sugar  rapidly  appears  in  the  secretion  of  that  kidney ;  the  Bogar  Ib 
formed  within  the  kidney  cells  from  aome  substance  in  the  blood, 
and  that  Biibstajice  is  prolmbly  proteia.  In  theae  oases  the  ratio  of 
dextrose  to  nitrogen  in  tlie  urine  ia  3'6:1;  if  auch  a  ratio  occurs  in 
man  when  carbohydrateB  are  absent  from  the  food,  a  very  serioue 
condition  is  revealed ;  Graham  Lmk  calla  it  the  fatal  ratio. 

(4)  Bt^  administratioii  of  adrenaline.— Thm  drug  also  produces  a 
diabetic  condition,  but  in  this  case  there  m  excess  of  sugar  in  the 
blood  also. 

Acetonadmia. — Death  in  diabetic  patients  is  usually  preceded  by 
deep  coma,  or  unconsciousnesB.  Some  poison  must  be  produced  that 
acta  soporilicallj  upon  the  brain.  The  breath  and  urine  of  these 
patients  smell  strongly  of  acetone ;  hence  the  term  acsionrnmia.  This 
apple-like  smell  should  always  suggest  the  possible  onset  of  coma  and 
death,  but  it  is  quite  certain  that  acetone  (which  can  certainly  be 
detected  in  the  urine)  is  not  the  true  poison;  ethyl-diacetic  acid, 
which  accompanies,  and  is  the  source  of  the  acetone,  was  regarded 
for  a  time  as  the  actual  poison,  but  this  substance,  when  introduced 
into  the  circulation  artificially,  does  not  causa  any  serious  symptoma. 
The  principal  poison  is  hydroxybutyric  acid  or  an  amino-derivative 
of  the  same.  The  alkalinity  and  carbonic  acid  of  the  blood  are 
decreased,  and  the  ammonia  of  the  urine  is  increased ;  this  indicates 
an  attempt  of  the  body  to  neutralise  the  poisonous  acids. 

The  Nerves  of  the  Liver, 

Claude  Bernard  observed  that  an  increase  of  sugar  in  the  blood  is 
brought  about  by  stimulation  of  the  central  and  peripheral  ends  of 
the  divided  vagus,  and  that  on  the  section  of  both  vagi  sugar  dis- 
appears from  the  blood,  and  glycogen  from  the  liver  and  tissues 
generally.  These  itjsidta  have  i>een  confirmed  in  recent  experiments, 
and  it  has  been  in  addition  found  that  stimulation  of  the  cceHac 
plexus  also  leads  to  a  loss  of  glycogen  in  the  liver,  with  a  correspond- 
ing production  of  glucose  that  passes  into  the  blood.  The  disappear- 
ance of  glycogen  from  the  liver  cells  after  the  stimulation  of  these 
nerves  can  also  be  seen  histologically  (Cavazzani).  These  results  are 
due  to  a  direct  influence  of  the  nerves  on  the  liver  cells,  for  they  are 
obtained  after  the  circulation  is  stopped  by  ligature  of  the  aorta  and 
portal  vein  (Morat  and  Dufourt), 

VcLSO-motor  nerves,— The  vaso-constrietor  fibres  for  the  portal  vein 
leave  the  spinal  cord  in  the  third  to  the  eleventh  thoracic  nerves 
inclusive  (Bayliss  and  Starling),  The  nerves  of  the  hepatic  artery 
are  constrictors  contained  in  the  splanchnic,  and  dilators  in  both 
splanchnic  and  vagus, 
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Food  is  digested  in  order  that  it  may  be  absorbed.  It  is  absorbed  in 
order  that  it  may  be  assimilated,  that  is,  become  an  integral  part  of 
the  living  material  of  the  body*  The  digested  food  thus  diminisbea 
in  quantity  as  it  passes  along  the  alimentary  canal,  and  the  fsecea 
contain  the  undigested  or  indigestible  residue. 

In  the  mouth  and  oesophagus  the  thickness  of  the  epithelium  and 
the  quick  passage  of  the  food  through  these  parts  reduce  al>sorption 
to  a  minimum.  Absorption  takes  place  very  slightly  in  the  stomach: 
the  small  intestine  with  its  folds  and  villi  to  increase  its  surface  is 
the  great  place  for  absorption ;  in  the  large  intestine,  absorption 
(mainly  of  water)  occurs  also,  but  to  a  less  extent. 

Foods  such  as  water  and  soluble  salts  like  sodium  chloride  are 
absorbed  unchanged.  The  organic  foods  are,  however,  considerably 
changed,  colloid  materials  such  as  starch  and  protein  being  converted 
respectively  into  tlie  diffusible  materials  sugar  and  ami  no-acids. 

There  are  two  channels  of  absorption,  the  blood-vessels  (portal 
capillaries)  and  the  lymphatic  vessels  or  lacteals. 

Absorption,  however,  is  no  mere  physical  process  of  osmosis  and 
filtration.  We  must  also  take  into  account  the  fact  that  the  cells 
througli  which  the  absorbed  substances  pass  are  living,  and  in  virtue 
of  their  inherent  activity  not  only  select  materials  for  absorption,  but 
also  change  those  substances  while  in  contact  with  them*  Those  cells 
are  of  two  kinds — (1)  the  columnar  epithelium  that  covers  the  surface ; 
and  (2)  the  lymph  cells  in  the  lymphoid  tissue  beneath.  It  is  now 
generally  accepted  that  of  the  two  the  former,  the  columnar  epithelium, 
is  tho  more  important. 

Absorption  of  Garbobydrates. — Though  the  sugar  formed  from 

starch  by  ptyalin  and  amylopsin  is  maltose,  that  found  in  the  blooil 

is  glucose.     Uuder  normal  circumstances  little,  if  any,  is  absorbed  by 

the  lacteals.     The  glucose  is  formed  from  the  maltose  by  the  succus 

entoricua,  aided  by  the  action  of  the  epithelial  cells  through  which  it 
m  2  ^ 
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Iiassea.    Cano  sugar  and  mUk  sugar  are  also  converted  into  glucoses 
before  absorption. 

The  carbohydrate  food  which  enters  the  blood  as  glucose  is  taken 
to  the  livor,  and  there  stored  up  in  the  form  of  glycogen — a  reserve 
store  of  carbohydrate  material  for  the  futui^e  needs  of  the  body. 
Glycogen,  however,  is  found  in  animals  who  take  no  carbohydrate 
food  It  mustj  then,  l:>e  formed  by  the  protoplasmic  activity  of  the 
liver  cells  from  their  protein  constituents  (see  preceding  chapter). 
Glucose  is  the  only  angar  from  which  the  liver  is  capable  of  forming 
glycogen.  If  other  carbohydraties  such  as  cane  sugar  or  lactose  are 
injected  into  the  Wood-stroani  direct,  they  are  unaltered  by  the  liver, 
and  finally  leave  the  l>ody  by  the  urine.  ^i 

Absorptioi:!  of  Proteins, — It  is  possible  for  the  alimentary  caoal  ^M 
to  absorb  soluble  protein  in  an  unchanged  condition.  Thus,  after  ^^ 
taking  a  large  number  of  eggs,  egg-albumin  is  found  in  the  urine. 
Patients  fed  per  return  tlerive  nourishment  from  protein  food, 
although  proteolytic  cngymea  are  absent  from  that  part  of  the 
intestine.  But  such  occurrences  are  exceptional;  they  are  merely 
illustrations  of  the  fact  that  under  nnusiial  conditions  certain  parte 
of  the  body  can  rise  to  the  occasion  and  perform  unusual  feata 

The  normal  course  of  events  is  that  the  food  proteins  are  broken 
up  into  thuir  constituent  amiuo-acids,  and  it  is  in  this  form  that 
tbey  are  absorlmd.  If  an  animal  receives,  instead  of  protein,  the 
final  cleavage  products  of  pancreatic  digeetiun,  it  continues  to 
maintain  its  health  and  nitrogenons  e<:|uilibriuia ;  that  ia  to  say, 
the  cells  of  the  body  are  able  tu  synthesise  tissue-proteins  from  the 
fragments  of  the  food  proteins. 

Not  many  years  ago,  it  was  held  that  proteins  were  mainly 
ak^orbed  im  peptone,  and  that  the  absence  of  proteoses  and  peptonee 
in  the  blood-stream  was  due  to  the  fact  that  the  intestinal 
epithelium  had  the  power  of  resynthesising  the  blood-proteins  from 
the  peptone ;  and  that  this  protected  us  from  the  poisonous  effects 
which  "peptone"  exei*cises  when  it  gets  into  the  circulation. 

Recent  research  has  failed  to  substantiate  such  views,  and  the 
intestinal  epithelium  dues  not  posaesa  the  exclusive  power  of  build- 
ing up  heavy  molcculed  proteins  either  from  ** peptones"  or  from 
amino-acidB. 

It  is  certainly  diflicult  to  find  the  amino-acids  in  the  blood 
during  absorption,  for  several  reasons:  (1)  the  absorption  during 
any  given  time  is  slow,  and  the  products  are  diluted  with  the  whole 
volume  of  the  blood ;  (2)  the  presence  of  coagulable  proteins  in  the 
blood  in  large  quantity  renders  a  se^irch  for  the amino-aoids difficult; 
and  (3)  when  the  amino-acid^i  gut  into  the  blood  they  do  not 
accumulate  there>  but  are  rapidly  removed  by  the  cells  of  the  tissuee* 
In  si)itc  of  these  diffieuUim,  Leather  and,  later,  Howell  have  sue- 
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ceeded  in  demonatrating  that  during  absorption  the  Bon -protein 
(that  is  the  amino-acid)  nitrogen  of  the  blood  increases. 

There  in  something  very  attractive  in  this  view,  because  it  affords 
a  rational  explanation  of  why  it  is  that  the  organism  can  construct 
the  proteins  peculiar  to  itself  and  maintain  its  chemical  individu- 
ality, although  the  food  taken  varies  so  widely  in  composition. 

If  a  man  wants  to  build  a  house  from  the  bricks  of  another 
previously  built  house,  he  naturally  takes  the  latter  to  pieces  first, 
and  uses  the  bricks  most  suitable  for  his  purpose,  and  arranges  them 
in  a  dififerent  way  to  their  previous  arrangement.  The  Germans 
have  recently  coined  the  expression  Bausteiue  (or  building  stones) 
for  the  final  products  of  proteolysis  with  the  same  underlymg  idea ; 
these  fragments  are  rearranged  by  the  tissue  cells  into  tissue- 
protein,  which  is  different  architecturally  from  the  food-protein. 

Abderhalden  has  published  a  very  a tr iking  experiment  in  confirmation  of  this 
view.  He  eoUected  the  blood  of  a  horse,  separate  out  the  various  proteins  of  the 
plasma,  and  estitnftted  In  eaeh  the  yield  of  certain  cieavtige  products  (g-lutarnie  acid 
and  tyrosine^  which  resulted  from  hydrolysis.     He  then  fed  the  horse  so  that  it 


Increased  at  all ;  they  exactly  resembled  the  proteins  previously  present. 

It  is  a  far  cry  from  the  highly  speeialiscd  organism  of  the  horse  to  the  proto- 
plasm of  the  simple  mould  known  as  AtjutrffiUits  nig^r ;  nevertheless,  the  same 
general  rule  holds;  the  protein  matter  present  yields  on  hydrolysis,  glycine, 
alanine*  leurine,  glutfiniie  and  aspartfc  acids,  but  aromatic  products,  such  as 
tyrosine  and  phenylalanine,  were  not  discovered.  The  mould  was  then  cultivated 
on  media  of  widely  varying  composition,  but  the  protein  formed  in  the  living 
protoplasm  remained  constant  in  compositLon,  and  is  thus  independent  of  the 
composition  of  the  nutritive  medium. 

Whatf  then,  if  this  is  the  case,  would  be  the  fate  of  food  proteins  introduced 
directly  into  the  blood- stream  without  the  intervention  of  the  alimentary  digestive 
processes  'f  This  is  a  question  to  which  Mendel  and  Rockwood  have  been  attempt- 
ing to  find  an  answer.  If  the  preliminary  cleavage  in  the  gastro-intestinaJ  tract  b 
absolut*!ly  necessary,  one  would  anticipate  that  a  foreij;n  food  protein  ^such  as 
^estin  from  hemp  seed,  or  excel  sin  from  Braiiil  nuts)  ad  ministered  by  intravenous 
or  intraperitoneal  injection  would  not  he  a^ssimilated,  but  would  be  fast  out  of  the 
l>ody  in  one  or  more  of  the  excretions.  But  Mendel  and  Hock  wood  found  that 
they  were  not  eliminated  in  either  urine  or  bile.  In  some  cases,  a  proteose  was 
found  jn  small  quantities  in  the  urine,  but  the  greater  [mrt  of  the  protein  adminis^ 
fcered  was  retained  in  the  body,  especially  if  the  injection  was  slowly  performed. 

The  fai:t  that  proteins  are  retained  after  this  method  of  administration  and 
apparently  used  in  the  body  does  not  really  militate  against  the  theory  tliat 
proteins  under  normal  conditions  are  more  or  less  completely  broken  down  in  tht- 
alimcntaj*y  tract.  It  is  more  than  probable  that  cleavage  is  absolutely  necessary 
for  assimilation,  and  here  the  enzymes  present  in  the  tissue-cells  step  in  ^  they  are 
capable  of  occasionally  taking  tlie  place  of  the  pancreatic  trypsin  and  intestinal 
erepsin  and  doing  their  work.  The  presence  of  a  proteose  in  urine  in  same  of 
Mendel  and  Rockwood^s  experiments  points  in  this  dir«!tioti,  and  this  view  is 
supported  also  by  Vernon *a  recent  discovery*  that  every  tissue  of  the  body  has  an 
en' ptic  action,  and  that  in  some  tissues  this  power  i,s  even  gre^iter  tiian  in  the 
intestinal  mucous  membrane. 

It  must  not^  however,  be  stippoaed  that  all  the  btiilding  fitones  of 
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the  food-proteixi  are  utilised  in  this  way.  The  body  is  reioarkabla 
for  its  economical  use  of  the  tiesue-proteiiis,  and  quite  a  small 
quantity  relatively  is  used  up  in  our  daily  activities,  and  so  repair 
13  only  necessary  to  the  same  small  extent-  We  may  again  get 
some  assistance  from  our  example  of  the  man  building  a  house* 
When  he  takes  the  first  house  to  pieces,  there  will  be  a  lot  of 
useless  bricks  and  other  rubbish,  and  if  the  house  he  wants  to  build 
is  a  smaller  one  than  the  one  he  has  destroyed,  he  will  have  to  dis- 
card also  many  bricks  which  are  not  rubbiBk  So  it  is  with  the 
fragments  of  the  food -protein,  wliieh,  on  usual  diets,  are  more  abun- 
dant than  is  necessary  for  the  building  of  tissue-protein.  The  excess 
is  earned  to  the  liver,  and  there  rapidly  converted  into  urea,  which 
is  finally  discharged  from  the  body  by  the  kidneys. 

It  should  be  further  noted  that  the  nitrogen  of  the  protein  is 
epUfc  off  from  it  by  hydrolyaiB,  not  hy  oxidation,  so  that  the  products 
of  breakdown  retain  almost  intact  the  previous  energy  of  the 
protein,  and  Lhe  non-nitrogenous  residue,  in  particular,  is  thus 
available  for  calorific  process  in  the  same  way  that  the  non- 
nitrogenous  foods  (carbohydrates  and  fat)  are. 

Absorption  of  Pate- — The  fats  undergo  in  the  intestine  two 
changes :  one  a  physical  change  (emulsiiication),  the  other  a  chemical 
change  (saponification).  The  l}^mphatic  vessels  are  the  great  channels 
for  fat  absorption,  and  their  name  lacteaM  is  derived  from  the  milk- 
like  appearance  of  their  contents  {chyh)  during  the  absorption  of  fat- 

The  course  which  the  minute  fat-globulea  take  may  be  studied  by 
lolling  animals  at  varying  periods  after  a  meal  of  fat,  and  making 
osmlc  acid  microscopic  preparations  of  the  villi  Figs.  410  and  411 
illustrate  the  appearances  observed. 

The  columnar  epithelium  c^Ua  become  first  fiUed  with  fatty 
globules  of  varying  sixe,  which  are  generally  larger  near  the  free 
border.  The  globules  pass  down  the  cells,  the  larger  ones  breaking 
up  into  smaller  ones  during  the  journey ;  they  are  then  transferred 
to  the  amoeboid  coUs  of  the  IjTanphoid  tissue  beneath  r  these  ultimately 
penetrate  into  the  central  lacteal,  where  they  either  disintegrate  or 
discharge  their  cargo  into  the  lymph-stream.  The  globules  are  by 
this  time  divided  into  immeasurably  small  onea^  the  molecular  basis 
of  chyle.  The  chyle  enters  the  blood^stream  by  the  thoracic  duct, 
and  after  an  abundant  fatty  meal  the  blood-plasma  is  quite  milky ; 
the  fat  droplets  are  so  amaU  that  they  circulate  without  hindrance 
through  the  capillariea  The  fat  in  the  blood  after  a  meal  is  even- 
tually stored  up  aspeciaOy  in  the  cells  of  adipose  tissue.  It  must^ 
however,  be  borne  in  mind  that  the  fat  of  the  body  is  not  exclusively 
derived  from  the  fat  of  the  food,  but  it  may  originate  from  car  bo* 
hydrate,  and  according  to  some  observers  from  protein  also. 

The  great  difficulty  in  fat  absorption  was  to  explain  how  the  fat 
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first  gets  into  the  columnar  epitheliiim :  these  cells  will  not  take  up 

other  particleB,  and  it  is  certain   that   the  epithelial  cells  do  not 

protrude  pseudopodia  from 

their  borders  (this,  however, 

does  occur  in  the  endoderm 

of  soma  of  the  lower  in- 
vertebrates);  moreover,  fat 

particles  have  never  been 

seen  in  the  striated  border 

of  the  cells. 

Although  granules  really 

protoplasmic  in  nature  are 

apt  to  be  mistaken  for  fat 

granules,  there  is  no  doubt 

that  the  particles  found  in 

the  cells  during  fat  absorp- 
tion are  composed  of  fat 

There  is  also  no  doubt  that 

the  epithelial  cells  have  the 

power  of  forming  fat  out  of 

the  fatty  acids  and  glycerin 

into  which  fate  have  been 

broken  up  in  the  intestine. 

Munk,  who  has  performed  a 

large  number  of  experiments 

on  the  subject,  showed  that 

the  splitting  of   fats   into 

glycerin  and  fatty  acids  occurs  to  a  much  greater  extent  than  was 

formerly   supposed  ;   these  substances,  being  solubloj  pass  readily 

into  the  epithelium  ceUsj  and  these 
cells  perform  the  synthetic  act  of 
building  them  into  fat  once  more, 
the  fat  so  formed  appearing  in  the 
form  of  small  globules,  surrounding 
or  becoming  mixed  with  the  proto- 
plEBtnic  granules  that  are  ordinarily 
present.  Another  remarkable  fact 
which  he  made  out  is  that  after 
feeding  an  animal  on  fatty  acids 
the  chyle  contains  fat  The  neces- 
sary glycerin  must  have  been  formed 
by  protoplasmic  activity  during  ab- 
sorption.    The  more  recent  work  of 

Moore  and  Rockvvood   has  shown  that  fat  is  absorbed^tvfft?'c/^  as 

fatty  acid  or  aoap  and  glycerin ;  and  that  preliminary  emulsificationi 
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though  atlvantageoue  for  the  formation  of  theae  substances,  ia  iiolj 

easeutial 

Bile  aids  the  digeetinn  of  fat,  in  virtue  of  its  being  a  solvent  of ' 
fatty  acids,  and  it  probably  aaaista  fat  absorption  bj  reducing  the 
surface  tension  of  the  iuteatinal  contents;  membranes  moiBtened 
with  bile  allow  fatty  materials  to  pass  through  tham  more  reaclily 
than  would  otherwise  be  the  case.  In  cases  of  disease  in  which  bile 
is  absent  from  the  intestines,  a  large  proportion  of  the  fat  in  the  food 
passes  into  the  faeces. 

The  teces  are  alkaline,  and  contain  the  following  substances ; — I 

1.  Water:  in  health  from  68  to  82  per  cent,;  in  diarrhcea  it  is' 
more  abundant  still 

2.  Undigested  food;  that  is,  if  food  is  taken  in  eiceas,  some 
escapes  the  action  of  the  digestive  juices.  On  a  moderate  diet 
unaltered  protein  is  never  found, 

3.  Indigestible  constituents  of  the  food :  cellulose,  keratin,  mucin, 
chlorophyll,  gums,  reaina,  cholesterin, 

4.  Constituents  digestible  with  difficulty:  uncooked  starch* 
tendons,  elastin,  various  phosphates,  and  other  salts  of  the  alkaline 
earths. 

5.  Products  of  decomposition  of  the  food :  indole,  skatole,  phenol, 
acids  such  as  fatty  acids,  lactic  acid,  etc, ;  hiematin  from  hemoglobin ; 
insoluble  soaps  like  those  of  calcium  and  mi^nesium. 

6.  Bacteria  of  all  sorts,  and  rf^m  from  tifie  inteatinal  wall ;  cells, 
nuclei,  mucus,  etc.     Tliiii  foiins  a  very  large  contribution. 

7-  Bile  residues :  mucus,  cholesterin,  traces  of  bile  acida  aud  their 
producta  of  decomposition,  stercobilin  from  the  bile  pigment. 

The  average  quantity  of  soUd  fsecal  matter  passed  by  the  human 
adult  ^*r  dmn  is  6  to  8  ounces. 

Meconium  is  the  name  given  to  the  greemsh-black  contents  of 
the  intestine  of  new-born  children.  It  is  chiefly  concentrated  bile, 
with  dSris  from  the  intestinal  wall.  The  pigment  is  a  mixture  of 
bilirubin  and  biliverdin,  not  stercobilin. 


CHAPTER  XXXV 

"THK  MECHANICAL  PROCESSES   OF  DICESTIOK 

UxDER  this  head  we  shall  study  the  neuro-mascular  mechanism  of  the 
alimentary  canal,  which  has  for  its  object  the  onward  movement  of 
the  food,  and  its  thorongh  admixture  with  the  digestive  juices*  We 
shall  therefore  have  to  consider  mastication,  deglutition,  the  move- 
ments of  the  stomach  and  intestines,  defiecation,  and  vomiting. 


Mastication. 

The  act  of  mastication  is  porfurmccl  by  the  biting  and  grinding 
movement  of  the  lower  range  of  teeth  agaiiiat  the  upper.  I'ho 
simultaneous  movements  of  the  tongue  and  cheeks  assist  partly  by 
crushing  the  softer  portions  of  the  food  against  the  hard  palate  and 
gumSp  and  thus  supplement  the  action  of  the  teeth,  and  partly  by 
returning  the  morsels  of  food  to  the  teetti  again  and  again,  as 
they  are  8quee5:ed  out  from  between  them,  until  they  have  been 
Bufficiently  chewed. 

The  act  of  mastication  is  much  assisted  by  the  saliva,  and  the 
intimate  incorporation  of  this  secretion  with  the  food  is  called 
insalivcUion, 

Mastication  is  much  more  thoroughly  performed  by  some  animals 
than  by  others.  Thus,  dogs  hardly  chew  their  food  at  all,  but  the 
GBSophagus  is  protected  from  abrasion  by  a  thick  coating  of  very 
viscid  saliva  which  lubricates  the  pieces  of  rough  food. 

In  vegetable  feeders,  on  the  other  hand,  insalivation  is  a  much 
more  important  process.  This  is  especially  so  in  the  ruminants ;  in 
these  animals,  the  grass,  etc,,  taken,  is  hurriedly  swallowed,  and  passes 
iiito  the  first  compartment  of  their  four-chambered  stomach.  Later 
on,  it  is  returned  to  the  mouth  in  small  instalments  for  thorough 
mastication  and  insalivation ;  this  is  the  act  of  rumination^  or 
"chewing  the  cud***  it  is  then  once  more  swallowed  and  passes 
on  to  the  digestive  regions  of  the  stomach. 

In  man,  mastication  is  also  an  important  process,  and  in  people 
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who  have  lost  thair  teeth  severe  dyspepsia  is  often  produced,  whicl 
can  be  cured  hy  a  new  set  of  teetk 


DBGLurmoN. 

When  properly  masticated^  the  food  is  transmitted  in  suocesaivi 
portions  to  the  stomach  by  the  act  of  deglutition  or  swallowing. 
This,  for  the  purpoaa  of  description,  may  be  divided  into  three  acta 
In  the  first,  particles  of  food  collected  as  a  bolus  are  made  to  glide 
between  the  surface  of  the  tongae  and  the  palatine  arch,  till  they 
have  passed  the  anterior  arch  of  the  fauces ;  in  the  second,  the  morsel 
is  carried  through  the  pharynx;  and  in  the  third,  it  reachea  the 
stomach  tlirough  the  oesophagua     These  three  acts  follow  each  other 
rapidly.     (1,)  The  first  act  is  voluntary,  although  it  ia  usually  per- 
formed unconseioasly ;  the  morsel  of  food  when  suflSciently  masti- 
cated, is  pressed  between  the  tongue  and  palate,  by  the  agency  of  the 
muscles  of  the  former,  in  such  a  manner  as  to  force  it  back  to  the 
entrance  of  the  pharynx.     (2,)  The  second  act  is  the'raost  complicated, 
because  the  food  must  go  past  the  posterior  orifice  of  the  nose  and 
the  upper  opening  of  the  larynx  without  entering  them.     Wlien  it 
has  been  brought,  by  the  first  act,  between  the  anterior  arches  of  the 
palate,  it  is  moved  onwards  by  the  movement  of  the  tongue  backwards, 
and  by  the  muscles  of  the  anterior  arches  contracting  on  it  and  then 
behind  it.    The  root  of  the  tongue  being  retracted,  and  the  larynx 
being  raised  with  the  pharynx  and  carried  forwards  under  the  base 
of  the  tongue,  the  epiglottis  is  pressed  over  the  upper  opening  of  the 
larynx,  and  the  morsel  glides  past  it;  the  closure  of  the  glottis  is 
additionally  secured   by  the  simultaneous  contraction  of  its  own 
muscles ;  so  that,  even  when  the  epiglottis  is  destroyed,  there  ia  little 
danger  of  food  passing  into  the  larynx  so  long  as  its  muscles  can  act 
freely.     In  man,  and  some  other  animals,  the  epiglottis  is  not  drawn 
as  a  lid  over  the  larynx  during  swallowing.     At  the  same  time,  the 
raising  of  the  soft  palate,  so  that  its  posterior  edge  touches  the  back 
part  of  the  pharynx,  and  the  approximation  of  the  sides  of   the 
puaterior  palatine  arch,  which  move  quickly  inwards  like  side  curtaina, 
close  the  passage  into  the  upper  part  of  the  pharynx  and  the  posterior 
narea,  and  form  an  inclined  plane,  along  the  under  surface  of  which 
the  morsel  descends ;  then  the  pharynx,  raised  up  to  receive  it,  in  its 
turn  contracts,  and  forces  it  onwards  into  the  (Bsophagus.     The  passage 
of  the  bolus  of  food  through  the  three  constrictors  of  the  pharj'ux  ia 
the  last  step  in  this  stage.     (3,)  In  the  third  act,  in  which  the  food  ' 
passes  through  the  oBSOphagus,  every  part  of  that  tube,  as  it  receiyes 
the  morsel  and  is  dilated  by  it,  is  stimulated  to  contract ;  hence  an 
undulatory  or  peristaltic  contraction  of  the  oesophagus  ciccurs,  wliich 
is  easily  observable  through  the  skin  in  long-necked  animals  like  the 
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swan.  If  we  suppose  the  bolus  to  be  at  one  particular  place  in  the 
tube,  it  acts  stiniiilatiEgly  on  the  circular  muscular  fibres  behind  it, 
and  inhibitinglj  on  those  in  front ;  the  contraction  therefore  squeezes 
it  into  the  dilated  portion  of  the  tube  in  front,  where  the  same 
process  is  repeated,  and  this  travels  along  the  whole  length  of 
the  tube.  The  second  and  third  parts  of  the  act  of  deglutition 
are  involuntary-  The  action  of  these  parts  is  more  rapid  than 
peristalsis  usually  is.  Tins  is  due  to  the  large  amount  of  striated 
muscular  tissue  present.  It  serves  the  useful  purpose  of  getting 
the  Ik)1us  as  quickly  as  possible  past  the  oi>ening  of  the  respiratory 
tract. 

Nerv(nis  Meehanism.~The  nerves  engaged  in  the  reflex  act  of 
deglutition  are : — S£i7isory,  branches  of  the  fifth  cranial  nerve  supplying 
the  soft  palate  and  tongue ;  glosso-pharjngeal,  supplying  the  tongue 
and  pharynx ;  the  superior  laryngeal  branch  of  the  vagus,  supplying 
the  epiglottis  and  the  glottis ;  whOe  the  motor  fibres  concerned  are:^- 
branches  of  the  fifth,  supplying  part  of  the  digastric  and  mylo-hyoid 
muscles,  and  the  muscles  of  mastication;  the  bulbar  part  of  the 
spinal  accessory  through  the  pharyngeal  plexus,  supplying  the  levator 
palati,  probably  by  rootlets  which  are  glosso-pharyngeal  in  origin ;  the 
gloaso-pharyngeal  and  vagus,  and  possibly  the  bulbar  part  of  the  spinal 
aocesaory,  supplying  the  muscles  of  the  pharynx  through  the  phar- 
yngeal plexus;  the  vagus,  in  virtue  of  its  spinal  accessory  roots, 
Ltiapplying  the  muscles  of  the  larynic  through  the  inferior  laryngeal 
^branch ;  and  the  hypo-gloasal,  the  muscles  of  the  tongue.  The  nerve- 
centre  by  which  the  muscles  are  harmonised  in  their  actiou,  is  situated 
in  the  medulla  oblongata. 

Stimulation  of  the  vagi  gives  rise  to  peristalsis  of  the  oesophagus. 
The  cell  stations  of  these  fibres  are  in  the  gangUon  trunci  vagi. 
Division  of  both  pnoumogaetric  ner\^efi  gives  rise  to  paralysis  of  the 
oesophagus  and  stomach,  and  firm  contraction  of  the  cardiac  orifice. 
These  nerves  therefore  normally  supply  the  oesophagus  with  motor, 
and  the  cardiac  sphincter  with  inhibitory  fibres.  If  food  is  swallowed 
after  these  nervea  are  divided,  it  accumulates  in  the  gullet  and  ne^'er 
reaches  the  stomach. 

In  discussing  peristalsis  on  a  previous  occasion  (p.  158),  we 
arrived  at  the  conclusion  that  it  is  an  inherent  property  of  muscle 
rather  than  of  nerve;  though  normally  it  is  controlled  and  influenced 
by  nervous  agency.  This  nervous  control  is  especially  marked  in  the 
tnaophagus;  for  if  that  tube  is  divided  across,  leaving  the  nerve 
branches  intact,  a  wave  of  contraction  will  travel  from  one  end  to  the 
other  across  the  cut 

S^^allowins  of  Fluids, — The    swallowing   both   of   solids  and 

liquids    is    a    muscular   act,  and    can,    therefore,    take    place    in 

fcopposition  to  the  force  of  gravity.     Thus,  horses  and  amny  other 
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animals    habittmlly    drink    up-liill,    and    the    Battie    feat    can    ba 
performe*!  by  juggler  a. 

In  swallowing  Uquida  the  two  mjlo-hyoid  muscles  form  a 
diaphragm  beluw  the  anterior  part  of  the  moutL  The  stylo-glosai 
draw  the  tongue  backwards  and  elevate  its  base ;  the  two  hyo-glossi 
act  with  theee,  pulling  the  tongue  backwards  and  downwards  The 
action  of  these  muscles  resembles  that  of  a  force-pump  projecting  tlie 
masa  of  fluid  down  into  the  oesophagus ;  it  reaches  the  cardiac  orifice 
with  great  speed,  and  the  pharyngeal  and  oesophageal  muscles  do  not 
contract  on  it  at  all,  but  are  inhibited  during  the  passage  of  the  fluid 
through  them  (Krouecker), 

TMs  is  provet]  in  a  striking  way  in  cases  of  poisoning  by  corrosive 
flubatancea,  such  as  oil  of  vitriol ;  the  mouth  and  tongue  are  scarred 
and  burnt,  hut  the  pharynx  and  oesophagua  escape  serious  injury,  so 
rapidly  does  the  fluid  pass  along  them ;  the  cardiac  orifice  of  the 
stomach  ia  the  next  place  to  show  the  effects  of  the  corrosiva 

There  isj  however,  no  hard-and-fast  line  between  the  swallowing 
of  Bolids  and  fluids :  the  more  liquid  the  food  is,  the  more  does  the 
force-pump  action  just  described  manifest  itaelf. 

Movements  of  tee  Stomach. 

The  gastric  fluid  is  assisted  in  accomplishing  its  share  in  di 
by  tho  movements  of  the  stomach*  In  graminivorous  bird 
example,  the  contraction  of  the  strong  muscular  gizzard  affords  a 
neoessary  aid  to  digestion,  by  grinding  and  triturating  the  hard 
seeds  which  coustituto  their  food.  But  in  the  stomach  of  man  and 
other  Mammalia  the  movements  of  the  muscular  coat  are  too  feeble 
to  exercise  auy  such  mechanical  force  on  the  food ;  neither  are 
they  needed,  for  mastication  has  already  doue  the  mechanical  work 
of  a  gizzard ;  and  it  has  l)oeu  demonstrated  that  substances  are 
digested  even  when  enclosed  in  perforated  tubes,  and  consequently 
protected  from  mechanical  influenca 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  con- 
tracted, its  orifices  not  more  firmly  than  the  rest  of  its  walla ;  but, 
if  examined  shortly  after  the  introduction  of  food,  it  is  found  closely 
encircling  its  contents,  and  its  orifices  are  firmly  closed  by  sphinctera 
The  cardiac  orifice,  every  time  food  is  swallowed,  opens  to  admit  its 
passage  into  the  stomach,  and  immediately  again  closes.  The  pyloric 
orifice,  during  the  first  part  of  gastric  digestion,  is  usually  so  com- 
pletely closed,  that  even  when  the  stomach  is  separated  from  the 
iiitestmeSi  none  of  its  contents  escape.  But  towards  the  termination 
of  the  digestive  process,  the  pylorus  offers  less  resistance  to  the 
passage  of  subatauces  from  the  stomach ;  first  it  yields  to  allow  the 
succeiisively  digested  portions  to  go  through  it ;  and  then  it  allows 
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the  transit  even  of  undigeated  substances.  The  peristaltic  action 
of  the  muBcuIar  coat,  whereby  the  digeBted  portions  are  gra^hmlly 
moved  towards  the  pylorus,  also  ensures  thorough  admix  turo  with 
the  gastric  juice.  The  movements  increase  as  the  process  of  chymi- 
tication  advances,  and  are  continued  until  it  is  completed. 

The  contraction  of  tlie  fibres  situated  towards  the  pyloric  end  of 
the  stomach  is  more  energetic  and  more  decidedly  peristaltic 
than  those  of  the  cardiac  portion.  Thus,  it  was  found  in  the  case  of 
St  Martin,  that  when  the  bulb  of  a  thermometer  was  placed  about 
three  inches  from  the  pylorus,  through  the  gastric  fistula,  it  was 
tightly  embraced  from  time  to  time,  and  drawn  towards  the  pyloric 
orifice  for  a  distance  of  three  or  four  inches.  The  object  of  this 
movement  appears  to  be,  aa  just  said,  to  carry  the  food  towards  the 
pylorus  as  fast  as  it  is  formed  into  chyme,  and  to  propel  the  chyme 
into  the  duodenum;  the  undigested  portions  of  food  are  kept  back 
until  they  are  also  reduced  into  chyme,  or  until  all  that  is  digestible 
has  passed  out.  The  action  of  these  fibres  is  often  seen  in  the  con- 
tracted state  of  the  pyloric  portion  of  the  stomach  after  death,  when 
it  alone  is  coutracted  and  firm,  while  the  cardiac  portion  forms  a 
dilated  sac.  Sometimes,  by  a  predominant  action  of  strong  circular 
fibres  placeil  between  the  cardia  and  pylorus,  the  two  portions,  or 
ends,  as  they  are  called,  of  the  stomach,  are  partially  separated  from 
each  other  by  a  kind  of  hour-glass  contraction. 

The  subject  has  recently  been  taken  up  by  Cannon.  He  gave 
an  animal  food  mixed  with  bismuth  subuitrate,  and  obtained  by  the 
Eontgen  rays  shadow  photographs  of  the  stomach,  because  the  bismuth 
salt  renders  its  contents  opaque.  His  results  mainly  confirm  those 
of  the  earlier  investigators;  the  principal  peristalsis  occurs  in  the 
pyloric  portion  of  the  stomach.  The  cardiac  portion  (including  the 
fundus)  presses  steadOy  on  its  contents,  and  as  they  become  chymified, 
purges  them  onwards  towards  the  pyloric  portion;  the  latter  empties 
HtseU  gradually  through  the  pylorus  into  the  duodenum,  and  in  the 
later  stages  of  digestion  the  cardiac  part  also  is  constricted  into  a 
tuba 

Under  ordinary  circumstances,  three  or  four  hours  may  be  taken 
.as  the  average  time  occupied  by  the  digestion  of  a  meal  in  the 
Utomack  But  the  digestibility  and  quantity  of  the  meal,  and  the 
ite  of  body  and  mind  of  the  individual,  are  important  causes  of 
^variation.  The  pylorus  usually  opens  for  the  first  time  about  twenty 
minutes  after  ^  digestion  begins ;  it,  however,  quickly  closes  again. 
The  acid  chyme  provides  a  chemical  stimulus  for  pancreatic  secretion, 
and  the  strongly  alkaline  pancreatic  juice  neutraliBes  it ;  as  soon  as 
the  intestinal  contents  are  neutral,  the  pylorus  again  opens,  more 
acid  chyme  is  thrust  into  the  duodenum;  more  pancreatic  juice 
provided ;  and  so  oo,  until  the  stomach  is  finally  emptied^ 
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ImHuetice  of  the  Nervous  System. — The  normal  movements  of  J 
the  atomach  Juring  gastric  digestion  are  in  part  oon trolled  by  the' 
plexuses  of  nerves  and  ganglia  contained  in  its  walls.     The  stomach 
is  also    connected   with    the    higher   nerve-centres    by    means  of 
branches  of  the  vagi  and  of  the  splanchnic  nerves  through  the  solar 
plexus. 

The  vagi  (especially  the  left)  contain  the  accelerator  nerves  of  the 
stomach;  when  they  are  stimulated  the  result  is  peristaltic  move- 
ment    The  sympathetic  fibres  are  inhibitory;  when  they  are  stimu- 
lated peristalsis  ceaseB.     The  cell  stations  on  the  course  of  the  vagus  ^J 
fibres  are  in  the  gauglion  trunci  vagi;  the  post-ganglionic  fibres  that^| 
issue  from  this  gangUon  are  non-medullated.  ^^ 

The  sympathetic  fibres  leave  the  spinal  cord  by  the  anterior  roots 
of  the  spinal  nerves  from  the  fifth  to  the  eighth  thoracic.     They  pass 
into  the  sympathetic  system,  have  cell  stations  in  the  ooeliac  ganglion,  ^ 
and  ultimately  pass  to  the  stomach  by  the  splanchnic  nerves,  ^M 

It  seems  probable  that  automatic  rhythmical  contraction  is  inherent  ^^ 
in  the  muscular  coat  of  the  stomach,  and  that  the  central  nervous 
system  is  only  employed  to  regulate  it  by  impulses  passing  down  by  , 
the  vagi  or  splanchnic  nerves. 

The  secretory  nerves  of  the  gastric  glands  are  treated  on  p.  496. 


Vomiting, 


The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like 
that  of  mucus  or  other  matter  from  the  lungs  in  coughing,  is  preceded 
by  an  inspiration  ;  the  glottis  is  then  clos^,  and  immediately  after- 
wards the  abdominal  muscles  strongly  act;  but  here  occurs  the 
difference  in  the  two  actions.  Instead  of  the  vocal  cords  yielding  to 
the  action  of  the  abdominal  muscles,  they  remain  tightly  closed. 
Thus  the  diaphragin,  being  unable  to  go  up,  forms  an  unyielding 
surface  against  which  the  stomach  can  be  pressed.  At  the  same 
time  the  cardiac  sphincter  being  relaxed,  and  the  orifice  which  it 
naturally  guards  l>eing  dilated,  while  the  pt/hnis  is  closed,  and  the 
stomach  itself  also  contracting,  the  action  of  the  abdominal  muscles 
expels  the  contents  of  the  organ  through  the  iBSOphi^s,  pharynx, 
and  mouth.  The  reversed  peristaltic  action  of  the  oesophagus 
possibly  increases  the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite 
passive  during  vomiting,  and  that  the  expulsion  of  its  contents  is 
effected  solely  by  the  pressure  exerted  upon  it  when  the  capacity  of 
the  abdomen  is  diminished  by  the  contraction  of  the  diaphragm,  and 
subsequently  of  the  abdominal  muscles.  The  experiments  and 
observations!  howeveti  which  are  supposed  to  confirm  this  statementi 
only  show  that  the  contraction  of  the  abdominal  muscles  alone  is 


4 


CH.  XXXV.] 


MOVBMBNTS   OF  THE   INTESTIKIS 


541 


sufficient  to  expel  matters  from  an  unresisting  bag  through  the 
oesophagus ;  and  that,  under  very  abnormal  circumstances,  the  stomach, 
by  itself,  cannot  expel  its  contents.  They  by  no  means  show  that  in 
ordinary  vomiting  the  stomach  is  passive,  for  there  are  good  reasons 
for  believing  the  contrary.  In  some  cases  of  violent  vomiting  the 
contents  of  the  duodenum  are  passed  by  anti-peristalsis  into  the 
stomach,  and  are  then  vomited.  Where  there  is  obstruction  to  the 
intestine,  as  in  strangulated  hernia,  the  total  contents  of  the  small 
intestine  may  be  vomited 

Nervous  mechanism. — Some  few  persons  possess  the  power  of 
vomiting  at  will,  or  the  power  may  be  acquired  by  efifort  and  practice. 
But  normally  the  action  is  a  reflex  one. 

The  afferent  nerves  are  principally  the  fifth,  and  glosao-pharyngeal 
(aa  in  vomiting  produced  by  tickling  the  fauces),  and  the  vagus  (as 
in  vomiting  produced  by  gastric  irritants) ;  but  vomiting  may  occur 
from  stimulation  of  other  sensory  nerves,  e.g.,  those  from  the  kidney, 
uterus,  testicle,  etc.  The  centre  may  also  be  stimulated  by  im- 
pressions from  the  cerebrum  and  cerebellum,  producing  so-called 
central  vomiting  occurring  in  diseases  of  those  parts* 

The  centre  for  vomiting  is  in  the  medulla  oblongata,  and  coincides 
with  the  centres  of  the  nerves  concerned 

The  efferent  (motor)  impulses  are  carried  by  the  vagi  to  the 
stomach,  by  the  phrenics  to  the  diaphragm,  and  by  various  other 
spinal  nerves  to  the  abdominal  muscles. 

£metics. — Some  emetics  produce  vomiting  by  irritating  the 
stomach ;  others,  like  tartar  emetic,  apomorphine,  etc.,  by  stimulating 
the  vomiting  centre. 


Movements  of  the  Intestines. 

Tlie  movement  of  the  intestines  is  peristaltic  or  vermicular,  and  is 
effected  by  the  alternate  contractions  and  dOatations  of  successive 
portions  of  the  muscular  coats.  The  contractions,  which  may 
commence  at  any  point  of  the  intestine,  extend  in  a  wave-like  manner 
along  the  tube.  They  are  similar  to  what  we  have  described  in  the 
oesophagus.  In  any  given  portion,  the  longitudinal  muscular  fibres 
contract  first,  or  more  than  the  circular ;  they  draw  a  portion  of  the 
intestine  upwards,  over  the  substance  to  be  propelled,  and  then  the 
circnJar  fibres  of  the  same  portion  contracting  in  succession  from 
above  downwards,  press  the  substance  into  the  portion  next  below,  in 
which  at  once  the  same  succession  of  actions  next  ensues.  These 
movements  take  place  slowly,  and,  in  health,  commonly  give  lise  to 
no  sensation ;  but  they  are  perceptible  when  they  are  accelerated 
under  the  influence  of  any  irritant. 

The  movements  of  the  intestines  are  sometimes  retrograde;  and 
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there  is  no  hmdmnce  to  the  backward  movement  of  the  contents  of 
t;he  small  intestine,  as  in  cases  of  violent  vomiting  just  referred  to. 
But  almost  complete  security  is  afforded  against  the  passage  of  the 
contents  of  the  large  into  the  small  intestine  by  the  ileo-cseeal  valve. 

Proceeding  from  above  downwards,  the  muscular  fibres  of  the 
large  intestine  become,  on  the  whole,  stronger  in  direct  proportioii 
to  the  greater  strength  required  for  the  onward  moving  of  the  faeces^ 
which  are  gradually,  owing  to  the  absorption  of  water,  becoming 
firmer.  The  greatest  strength  is  in  the  rectum,  at  the  terminatiDn  of 
which  the  circular  unstriped  muscular  fibres  form  a  strong  band 
called  the  internal  sphincter;  wHle  an  &jdemal  sphincter  muscle 
with  striped  fibres  is  placed  rather  lower  down,  and  more  externally, 
and  holds  the  orifice  closed  by  a  constant  slight  tonic  contraction. 

NerirouB  mechanism. — Experimental  irritation  of  the  brain  of 
cord  produces  no  evident  or  conatant  effect  on  the  movements  of  the 
intestines  during  Hfe ;  yet  in  consequence  of  certain  mental  conditions 
the  movements  are  accelerated  or  retarded;  and  in  paraplegia  the 
intestines  appear  after  a  time  much  weakened  in  their  power,  and 
cosfciveneas,  with  a  tympanitic  condition,  ensues. 

As  in  the  case  of  the  oesophagus  and  stomach,  the  peristaltic 
movements  of  the  intestines  may  be  directly  set  up  in  the  muscular 
fibres  by  the  presence  of  food  or  chyme  acting  as  the  stimulus.  Few 
or  no  movements  occur  when  the  intestines  are  empty. 

The  small  intestine  is  connected  with  the  central  nervous  system 
by  the  vagi  and  by  the  splanchnic  nerves.  The  fibres  which  leave 
the  medulla  in  the  vagal  rootlets  are  fine  medulla  tod  ones:  they 
arborise  around  cells  in  the  ganglion  trunci,  whence  non-medullated 
fibres  continue  the  impulse  to  the  intestinal  walls;  they  pass  through 
the  solar  plexus,  but  arc  not  connected  with  nerve-cells  in  that  plexus. 
In  animals  stimulatiou  of  the  pneumogastric  nerves  induces  peri- 
stallic  movements  of  the  intestinea  If  the  intestines  are  contracting 
peris taltically  before  the  stimulus  is  applied,  the  movements  are 
inhibited  for  a  brief  period,  after  which  they  are  greatly  augmented. 
The  sympathetic  fibres  leave  the  cord  as  fine  meduUated  fibres  by 
the  anterior  roots  from  the  sixth  thoracic  to  the  first  lumbar,  pass 
through  the  lateral  chain,  but  do  not  reach  their  cell -stations  until 
they  arrive  ab  the  superior  mesenteric  ganglia :  thence  they  pass  as 
non-medullated  fibres  to  the  muscular  coats.  Stimulation  of  these 
fibres  causes  inhibition  of  any  peristaltic  movements  that  may  be 
present  These  nerves  also  contain  vaso-motor  fibres,  and  section  of 
these  leads  to  vaso-dilatation  and  a  great  increase  of  very  watery 
succus  entericns. 

Peristalsis  in  the  smaU  intestine  can  be  excited  artificially  even 
when  all  nerves  running  to  it  from  the  central  nervous  system  have 
been  cut  through.     After  pinching  any  particular  spot  a  wave  of 
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inhibition  travels  downwards,  and  a  wave  of  contraction  upwards. 
(Starling.) 

In  the  case  of  the  large  intestine  there  is  no  supply  from  the  vagus, 
The  inferior  mesenteric  nerves  are  inhibitorj  in  function^  and  the 
pelvic  nerves  take  the  place  of  the  vagal  fibres  as  excitatory :  this 
refers  to  both  coats  of  the  muBCuIar  wait  If  one  pinches  any  parti- 
cular spot,  the  upward  wave  of  contraction  is  not  so  marked  as  in 
the  Bniall  intestinei  but  the  downward  travelling  wave  of  inhibition 
is  well  seen. 

Duration  qf  Intestinal  Bigesiion. — The  time  occnpied  by  the 
journey  of  a  given  portion  of  food  from  the  stomach  to  the  anus* 
varies  conaiderably  even  in  health,  and  on  this  account  probably  it  is 
that  such  different  opinions  have  been  expressed  in  regard  to  the 
subject.  About  twelve  hom's  are  occupied  by  the  jomrney  of  an 
ordinary  meal  through  the  smull  intestine,  and  twenty-four  to  thirty- 
six  hours  by  the  passage  through  the  large  bowel. 

Drugs  given  for  relief  of  diarrhoea  or  constipation  act  in  various 
ways :  some  influence  the  amount  of  secretion  and  thus  increase  or 
dirainish  the  fluidity  of  the  intestinal  contents;  others  acting  on  the 
muscular  tissue  or  its  nerves  increase  or  diminish  periatalais. 

The  descriptjon  jusl  gWcn  of  the  intestinal  moyemeiits  relates  to  the  prmt^ipsl 
movemetit  observable,  and  which  is  of  a  i>ejristaltic  diaraeter.  The  rate  of  pn*pa- 
gtition  of  the  peristaltic  wave  is  alow  but  rKtmbJe ;  it  may  be  as  smali  as  1  centi- 
metre pef  minute. 

Starling  in  his  recent  work  on  tJie  subject  has  calletl  attention  to  another  kind  of 
movement  which  he  terms  jurnj/intf  or  in^ntiuium  movenicnt.  These  movements,  and 
also  the  trtie  peristaltic  waves,  may  be  seen  in  tfie  small  intestine  in  u  warm  saline  bath 
even  after  all  the  nerves  connecting  Iht-m  to  tlie  central  nervous  system  hfive  been 
cut  through  ;  tJie  pendulum  movements  consist  of  slight  waves  of  contrtiction  affect- 
ing both  muscular  eo.-its,  and  these  are  rapidly  propagated  at  tl^e  rate  of  2  to  5  centi- 
metres per  set'Ond.  They  cause  a  nioveinent  of  the  internes  &om  side  to  side,  and 
oe<'ur  at  r^ulur  intervals  of  b  or  6  seconds.  Their  use  appears  to  bring  about  a 
mixing  of  the  intestinal  contents  ;  they  are  not  able  tt>  move  the  contents  onwards. 

Tney  differ  from  tlie  true  perLsbiltic  waves  in  being  mpwfenir  ;  that  is,  they  are 
due  to  the  rhythnucality  of  Uie  nmscular  fibres  themselves,  and  are  propagates!  from 
one  muscular  fibre  to  another.  They  are  not  abolished  by  painting  the  intestine 
with  cocaine,  or  by  an  injection  of  nicotine^  l*he  true  peristaltic  wavej;  i-c^^ise  under 
these  t'ircumstanccSt  and  they  are,  therefore,  co--ordiuated  reilex  actions,  but  us  they 
continue  after  all  nerves  connecting  the  intestines  to  the  central  nervous  system  art? 
severed,  they  must  be  carried  out  by  the  local  nervous  mechanism*  This  is  the  only 
example  known  of  a  true  reflex  action  dependent  on  peripheral  nervous  structures, 

inteettnal  Onconaetep. — ^To  study  the  volume  changes  of  vascular  ori^n,  a 
loop  of  intestine  is  enclosed  in  an  oncometer  like  that  describctl  on  p.  152  (fig*  I79ji 
This  is  a  most  valuable  apphcatiou  of  pletliysriiography,  for  the  loop  gives  an 
accurate  record  of  what  is  occurring  iu  Uie  splanchnic  area. 

Defe&cation. — The  act  of  the  expulsion  of  f^cas  is  in  part  due  U» 
an  increased  reflex  peristaltic  action  of  the  lower  part  of  the  large 
intestine,  namely^  of  the  sigiaoid  flexure  and  rectum,  and  in  part  to 
the  action  of  the  ahdominal  muscles.  In  the  case  of  active  voluntary 
eiforts,  there  ia  usually,  firsts  ati  inspiration,  as  in  the  case  of  coughing, 
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rtmzing.  ami  vomiting;  the  glottiBia  then  closed, and  the  diaphogm 
tixeiL  Tha  abduminal  muscles  are  contracted,  as  in  expiration  ;  biit 
m  the  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  the 
abdornitial  contents.  The  sphincter  of  the  rectum  being  relaxed,  the 
evacuation  of  itB  contents  takes  place  accordingly,  the  effect  being 
incroaseti  by  the  peristaltic  action  of  the  intestine. 

I^ervom  Mnchanism, — The  anal  sphincter  muscle  is  normally  in  a 
Btate  of  touio  contraction,  The  nervous  centre  which  governs  this 
contraction  is  situated  in  the  lumbar  region  of  the  epinal  cord,  inas- 
much as  in  cases  of  division  of  the  cord  above  this  region  the  sphinc- 
ter re^^aiiiei  after  a  time,  to  some  extent  the  tonicity  which  is  loet 
inimotliatHly  after  the  operation.  By  an  eflbrt  of  the  will,  acting  on 
the  centre,  the  contraction  may  bo  relaxed  or  increased.  Such  volun- 
tary control  over  the  act  is  obviously  impossible  when  the  cord  is 
dividcfl.  In  ordinary  cases  the  apparatus  is  set  in  action  by  the 
gradual  accumulation  of  faces  in  the  sigmoid  flexure  and  rectum, 
presmng  l>y  the  ijotistaltic  action  of  these  parts  of  the  large  intestine 
against  the  sjihincter,  and  canmng  by  reflex  action  its  relaxation; 
this  sensory  impulse  acts  upon  the  brain  and  reflexly  through  the 
spinal  centre.  At  the  same  time  that  the  sphincter  is  inhibited  or 
relax oti,  impulses  pass  to  the  muscles  of  the  lower  intestine  increas- 
ing Lhoir  poriatalsis.  ami  to  the  abdominal  muscles  as  welL 

Buth  inhiliitory  and  motor  fibres  for  the  lower  part  of  the  intes- 
tine loave  tho  cord  by  anterior  roots  lower  than  those  which  contain 
the  niiros  for  tho  small  intestine.  The  cell-stations  are  situated 
the  iofodnr  mesenteric  ganglia,  or  along  the  course  of  the  colonic 
hypogastric  nerves.  The  lower  portion  of  the  large  intestine  resembles 
tho  a380{>Iuigtis  in  Ijcing  more  under  external  nervous  control  than 
the  smali  inteatiue. 
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This  consists  of  the  kidEeye;  from  each  a  tube  called  the  ureter  leads 
to  the  bladder  in  which  the  urine  is  temporarily  stored ;  from  the 
bladder  a  duct  called  the  urethra 
loads  to  the  exterior. 

The  Kidneys  are  situated  deeply 
in  the  lumbar  region  of  the  abdomen 
on  either  side  of  the  spinal  column 
behind  the  peritoneum.  In  man  each 
is  about  4  inches  long,  2A  inches 
broad,  and  1|  inch  thick,  and  weighs 
about  4A  oz. 

Structure. — The  kidney  is  covered 
by  a  fibrous  capsule,  which  is  slightly 
attached  at  its  inner  surface  to  the 
proper  substance  of  the  organ  by 
means  of  very  fine  bundles  of  areolar 
tissue  and  minute  blood-vessels. 
From  the  healthy  kidney,  there  fore  ^ 
it  may  be  easily  torn  off  without 
much  injury  to  the  subjacent  cor- 
tical portion  of  the  organ.  At  the 
hilus  of  the  kidney,  it  becomes  con- 
tinuous with  the  external  coat  of  the 
upper  and  dilated  part  of  the  ureter 
(fig.  412). 

Ou  dividing  the  kidney  into  two 
equal  parts  by  a  section  carried 
through  its  long  convex  border  it  is  seen  to  be  composed  of  two 
portions  called  respectively  cortical  and  medtdlary ;  the  latter  is 
composed  of  about  a  dozen  conical  bundles  of  urinary  tubules,  each 
bundle  forming  what  is  called  a  pyramid.    The  upper  part  of  the 
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ureter  or  duct  of  the  organ  is  dilated  into  the  peipis ;  and  this, 
agaiD,  after  separating  into  two  or  three  principal  divisions,  is 
finally  subdivided  into  still  smaller  portions,  varying  in  number 
from  about  8  to  12,  called  mlyms.  Each  of  these  littJa  calyces  or 
cups  receives  the  pointed  extremity  or  papilla  of  a  pyramid.  The 
number  of  pyramids  varies  in  different  animals;  in  soniQ  there  is 
only  one. 

The  kidney  is  a  compound  tubular  gland,  and  both  ita  cortical 
and  medullary  portions  aro  composed  of  tubes,  the  (ubidi  urini/cri, 
which,  by  one  extremity,  in  the  corlical  portion,  commence  around 

tufts  of  capillary  blood-vessels,  called  Mai* 
pighian  bodies,  and,  by  the  other^  open 
through  the  papilliE  into  the  pelvis  of  the 
kidney,  and  thus  discharge  the  urine  which 
flows  through  them.  They  are  bound 
together  by  connective  tissue. 

In  the  pyramids  the  tubes  are  straight 
— uniting  to  form  larger  tubes  as  they  de- 
scend through  these  from  the  cortical  por- 
tion ;  while  in  the  latter  region  they  spread 
out  more  irregularly,  and  become  much  con- 
voluted. But  in  the  h&undary  zone  between 
cortex  and  medulla,  small  collections  of 
straight  tubes  called  medullary  rays  project 
into  the  cortical  region. 

Tubuli  Urimferi.^HiB  tubuli  uriniferi 
(fig.  417)  are  composed  of  a  basement  mem- 
brane, lined  internally  by  epithelium.  They 
vary  considerably  in  size  in  difiTerent  parts 
of  their  course,  but  are,  on  an  average,  almnt 
-^^^  of  an  inch  (,^\  mm.)  in  diameter,  and  are  found  to  be  made  up 
of  several  distinct  portions  which  differ  from  one  another  very 
markedly,  both  in  situation  and  structure. 

Each  begins  in  the  cortex  as  a  dilatation  called  the  Capsule  qf 
Bowman ;  this  encloses  a  tuft  or  glomerulus  of  capillarios  called  a 
Malpighian  corpuseU  The  tubule  leaves  the  capsule  by  a  neck,  and 
then  becomes  convoluted  {first  convdukd  tuhulG),  but  soon  after 
becomes  nearly  straight  or  slightly  spiral  (spiral  hihid$) ;  then  rapidly 
narrowing  it  passes  down  into  the  me<lulla  as  the  descending  tuhvie  of 
Senh  ;  this  turns  round,  forming  a  loop  (loop  of  Menk),  and  passes 
up  to  the  cortex  again  as  the  ascending  tubule  of  Henh.  It  than 
becomes  larger  and  irregularly  zigzag  {^ig^ig  tuifule)  and  again  con- 
voluted isecond  convoluted  tubule).  Eventually  it  narrows  into  a 
junctional  iuhtih,  which  joins  a  straight  or  mllecting  tuhwh.  This 
passes  straight  through  the  medulla,  where  it  joins  with  others  to 
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In  the  mpml€,  the  epithelium  is  flattened  and  reflected  over  the 

glomerulus. 

The  way  id  which  this  takes  place  in  procefis  of  development  is 
shown  in  figs,  415  and  416. 
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Pju»  416.— Tniui*vf?nie  peetion  of  «  (Jevq^ 
loping  Mftlpigbtati  caitmtil*  kbd  ttia 
Oiuniaii).  >;  300.  Frrjin  a  fof?tuA  At 
ibijut  the  fonrth  month ;  u,  flAtten^d 
cnllft  growing  to  rorm  tbe  ntpstilQ; 
h,  more  rounrtpd  oelJs;  ctoatinuouA 
with  thfl  HbavR,  rfRfvted  round  c*  aijcl 
l^uaUy  imvel£}|.)lt]jg  It ;  c,  mAm  ot  em- 
tnyoaic  oelU  ^hwb  vUi  l^tei*  bnoma 
davaloped   lalo   b]jOod-Tfl«Nla,     (W. 


FiQ.  llS.—Bpltbi^lial  el^^meuU  of  a.  M«1|H' 
ghl&tt  capanle  «:Qd  tuf^i  wf tli  tite  com^ 
mt'iLcenient  of  *  ttrtjuMy  ttibuJe  show. 
iii^  the  ji^l^nsnt  tnd  nfEicent  v<«e] ;  a, 
k>'er  of  flAt  ^pltbsliaiii  fiTrmitig  tbe 
CAtiftUla  ;  b^  aliriLl^r^  but  rather  ItJ^cer 
epltiieltal  cells,  pUtod  in  tlie  wmlli  of 
tn«  tabe ;,  c»  celh,  covering  the  v^seb 
of  thft  cmpilliLry  tuft;  <i|  eotDiDeficv- 
nieiit  of  th«  tubule,  somcwbAt  nar- 
rower thui  tba  real  of  11,    (W.  F^eL) 


In  the  n^:k  the  epithelium  is  still  flattanedp  but  in  some  animals^ 
suoh  as  frogs,  where  the  neck  is  longer,  the  epithelium  is  ciliated. 

In  the  first  convoluted  and  ^irai  tubules,  it  is  thick,  and  the  cells 
show  a  fibrillatod  structure,  except  around  the  nucleus,  where  the 
protoplasm  is  granular.  The  cells  interlock  lateraUj  and  are  difficnlt 
to  isolate.  In  some  animals  they  are  described  as  ciliated.  In  the 
narrma  descmding  tvhilt  of  Henle  and  in  the  la^  itself,  the  cells  are 
clear  and  flattened  and  leave  a  considerable  lumen ;  in  the  ascending 
limb  they  again  become  striated  and  nearly  fill  the  tubule.  In  the 
zigzag  and  second  convoluted  tubules  the  fibrillations  1:>ecome  even  more 
marked,  The  junctional  tubule  has  a  large  lumen,  and  is  lined  by 
clear  flattened  cells ;  the  colhcting  tubules  and  ducts  of  Bellini  are 
lined  by  clear  cubical  or  columnar  cells. 

Blood-vesaela  of  Kidney. — The  renal  artery  enters  the  kidney 
at  the  hilus,  and  divides  into  branches  that  pass  towards  the  cortex, 
tlien  turn  over  and  form  incomplete  arches  in  the  region  between 
cortex  and  medulla.    From  these  arches  vessels  pass  to  the  surface 
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whidi  are  callad  the  iriirrlohilar  ar£erm ;  they  give  off  veaselc 
At  right  angles,  which  are  the  affermi  vessels  0/  ike  aiammmli^  a 
gbmertihis    la  made  up  of  capillaries  as  prevfouslj  stated.     From 

each,  a  smaller  vessel  (ij^g^^mi 
vessel  0/  ike  giom^enUus)  passes 
out,  and  like  a  portal  vessel  on 
a  small  Bcale,  breaks   ap  onc^ 
more     into     capillaries     wMcli 
ramify  l>etween   the  convoluted 
tubulea.     These    unite    to    fooi 
veins  (interlobuta?-  vetm)   which 
accompany  the  interlobuliir  arte- 
ries ;  they  pass  to  venous  arobe^ 
parallel  to,  but  more  completei 
than,  the  corresponding  arterial  f 
arches;  they  ultimately  unite  U» 
fnrm  the  renal  vein  that  leaves 
/^  ^         the  hilus.     These  veins  receive 
also  others  which  have  a  stellate 
arrangement   near    the    capsitla 

The  medulla  is  supplied  by 
pencils  of  fine  straight  arterioles 
which  arise  from  the  arterial 
arches.  They  are  called  arteriet 
redtg.  The  efferent  vessels  of 
the  glomeruli  nearest  the  me- 
dulla may  also  break  up  into 
similar  vessels  which  are  called 
/oIm  arteriw  r^ctce.  The  veins 
(vanm  T$ciGE)  take  a  similar  course 
and  empty  themselves  into  the 
venous  arches.  In  the  boundary 
zone  groups  of  vma  recta  al ter- 
mite with  groups  of  tubules,  and 
give  a  striated  appeamiice  to 
this  portion  of  the  medulla. 

The  Ureters. — The  dtict  of 
each  kidney,  or  ureter ,  is  a  tube 
about  the  size  of  a  goose -quill, 
and  from  twelve  to  sixteen  Inches 
ia  length,  which,  continuous  above  with  the  pelvis,  ends  lielow  by 
perfomting  obliquely  the  walls  of  the  bladder,  and  opening  on  ita 
internal  surface. 

It  is  constructed  of  throe  coats :  (a)  an  outer  jihrous  coat ;  {h)  a 
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mbrulus ;  d^^  anereiit  veMael  pAssiiiK  to  tLifv 
mfliJuUa,  n>i  fubfl  artcdfl  nx^;  «,  cap1llHri«ji  of 
otiftflit ;  /,  rApillftdw  Of  mediilU;  jj,  venous 
ATch ;  h,  straight  vetns  of  mftdiulk ;  i,  inter- 
tobulir  vein  \  J,  veas  Hballnli.    (Cadlat.> 
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middle  muscular  coat,  of  which  the  fibres  are  unstriped,  and  arranged 
in  three  layers — the  fibres  of  the  central  lajftr  being  circular,  and 
those  of  the  other  two  longitudinal  in  direction;  the  outermoBt 
longitudinal  layer  is,  however,  present  only  in  the  lowor  part  of 
the  ureter;  and  (c)  a  mucous  membrane  continuous  with  that  of 
the  pelvis  above,  and  of  the  urinary  bladder  below*  It  is  com- 
posed of  areolar  tiaaue  lined  by  transitional 
epithelium. 

The  Urinary  Bladder,  which  forms  a 
receptacle  for  the  teuiporary  lodgment  of  the 
urine,  is  pyriform ;  its  widest  part,  which  is 
situate  above  and  l)ehind,  is  termetl  the 
fimdua;  and  the  narrow  constricted  portion 
in  front  and  below,  by  which  it  becomes  con- 
tinuous with  the  urethra,  is  called  its  cermw 
or  veeh 

It  ia  constructed  of  four  coats, — seroits, 
must^ular^  areolar  or  mhmueouSt  and  mttcous, 
(a)  The  seram  coat,  which  covers  only  the 
posterior  and  upper  part  of  the  bladder,  has 
the  same  structure  as  the  peritoneum,  with 
which  it  is  continuous.  (6)  The  fibres  of  the 
masmdar  coat,  which  are  imstriped,  are 
arranged  in  three  layers,  of  which  the  exter- 
nal and  internal  have  a  general  longitudinal, 
and  the  middle  layer  a  circular  direction. 
The  latter  are  especially  developed  around 
the  €0rmx  of  the  organ  and  form  the  sphincter 
ve^ccB,  (c)  The  areolar  or  mhmumm  coat  is  constructed  of  connec- 
tive-tissue with  a  large  admixture  of  elastic  fibres,  {d)  The  mmous 
membrane  is  like  that  of  the  ureters.  It  is  provided  with  mucous 
glandi^p  which  are  most  numerous  near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  Uood-  ami  Iftrrph-vesseis,  and 
with  nerves.  The  latter  consist  of  branches  from  the  sacral  and  hypo- 
gastric plexuses.  Ganglion  cells  are  found,  here  and  there,  on  the 
course  of  the  nerve-fibres. 

The  Urethra. — This  occupies  the  centre  of  the  corpus  spongiosum 
in  the  male.  As  it  passes  through  the  prostate  it  is  lined  by  transi- 
tional, liut  elsewhere  by  columnar  epithelium,  except  near  the  orifice, 
where  the  epithelium  ia  stratified  like  the  epidermis  with  which  it 
becomes  continuous.  The  femaA  urethra  has  stratified  epithelium 
throughout.  The  epithelium  rests  on  a  vascular  eoriura,  and  this  ia 
covered  by  submucous  tissue  containing  an  inner  longitudinal  and 
an  outer  circular  muscular  layer.  Outside  this  a  plexus  of  veins 
passes  insensibly  into  the  surrounding  erectile  tissue. 


Tig.  4S0.— nbgramftbovrinKtIte 
nlitljon  of  tb»  MnIiii^lilJiti 
body  bo  tb«  uHntferoufl  ducU 
and  blood 'V«&!ieli.  a,  ona  of 
th«lnlar)obaI»art«ri<»;  a\ 
Kflbmit  ^rUtry  phasing  into 
tbeglomeruluri;  r,  c^pttuLaof 
thti  MftlplghlftD  bofift  fonu- 
i  Dg  tbfluom  m«iti  e^mnn  t  ornnc] 
continuoui  witb  t^  thfi  urfnl- 

tQItJQll  tab« :     ^,    f,    9lkTVttt 

ve«ae]»  wliErh  atibdtvbJa  and 
form  B  pifixus,  p,  lurrc/UJid- 
tHE!  tliii  tnbe,  t-nd  finnUy 
tefiTklnato  in  t)]«  brjiiirli  uf 
tbe  renal  vein  e.  (Aft«r  litow* 
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Into  the  uretlira  open  a  aumber  of  oblique  receeaea  or  iamnm, « 
number  uf  small  taucoui  glands  (glanda  of  Littr*f*),  t?wo  C4>iiipouiid 


Fio.  i31,™M»1plfhlaJi  coTpnieifl,  liijected  thTough  tli«  Miial  irt^ry  with  ralouted  geUtf^  :  a 
/,  •plUMll  um  or  tutMi.    (OndlAtO 


mcamoae  glands  (Cowpor'a  glands),  the  glands  of  the  prostate, 
tho  vas  deferena     The  pr^slaie,  which  surrounds  the  commdncemi 
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of  the  male  urethra^  ia  a  muscular  aod  glandular  mass.     Its  glands 
are  tubular  and  lined  by  columnar  epithelium. 

Thk  Functions  of  the  Kidneys, 

The  main  function  of  the  kidneys  is  to  separate  thft  urine  from 
the  blood.  The  true  secreting  part  of  the  kidney  is  ih^  glandular 
epithelium  that  lines  the  convoluted  portions  of  the  tubules ;  there 
is,  in  addition  to  this,  what  is  usually  termed  the  filtering  apparatus: 
we  have  already  seen  that  the  tufts  of  capillary  blood-vessels  called 
the  Malpighian  glomeruli  are  supplied  with  afferent  vessels  from  the 
renal  artery;  the  efferent  vessels  that  leave  these  have  a  smaller 
calibre,  and  thus  there  is  high  pressure  in  the  Malpighian  capillaries. 
Certain  constituents  of  the  blood,  especially  water  and  salts,  pass 
through  the  thin  walls  of  these  vessels  into  the  surrounding  Bowman's 
capsule  which  forms  the  commencement  of  each  renal  tubule.  Though 
the  process  which  occurs  here  is  generally  spoken  of  as  a  filtration, 
yet  it  is  no  purely  mechanical  process ;  but  the  cells  exercise  a  secretory 
and  a  selective  influence,  and,  among  other  things,  prevent  the 
albuminous  constituents  of  the  blood  from  escaping  During  the 
passage  of  the  water,  which  leaves  the  blootl  at  the  glomerulus,  through 
the  rest  of  the  renal  tubule,  it  gains  the  constituents  urea,  urates,  etc., 
which  are  poured  into  it  by  the  secreting  cells  of  the  convoluted 
tubules. 

The  term  excrdion  is  better  than  smretion  as  applied  to  the  kidney, 
for  the  constituents  of  the  urine  are  not  actually  formed  in  the  kidney 
itself  (as,  for  instance,  the  bOe  is  formed  in  the  liver),  but  they  are 
formed  elsewhere;  the  kidney  is  simply  the  place  where  they  are 
picked  out  from  the  blood  and  eliminated  from  the  body. 

The  Nerves  of  the  Kidney, 

These  are  derived  from  the  renal  plexus  of  each  side.  The  renal 
plexus  consistB  of  both  medullated  and  non-medullated  nerve-fibres, 
with  collections  of  ganglion  cells.  Fibres  from  the  anterior  roots  of 
the  eleventh,  twelfth,  and  thirteenth  dorsal  nerves  (in  the  dog)  pass 
into  this  plexus.  They  are  both  vaso-cons  trie  tor  and  vaso-dilator  in 
function.  The  nerve-cells  on  the  course  of  the  constrictor  fibres  are 
situated  in  the  cceliac,  mesenteric,  and  renal  ganglia;  the  nerve-cells 
on  the  course  of  the  dilator  fibres  are  placed  in  the  solar  plexus  and 
renal  ganglia,  These  nerves  are  thus  vaso^motor  in  function ;  we 
have,  at  present,  no  knowledge  of  true  secretory  nerves  to  the 
kidney,  and  the  amount  of  urine  is  influenced,  to  a  certain  extent 
at  any  rate,  by  the  blood-pressnre  in  its  capillaries.  We  shall,  a 
few  pages  hence,  however,  see  that  the  amount  of  urine  does  not 
depend  wholly  on  the  height  of  the  blood-pressure;  and  one  very 


slrikiDg  fact  in  this  relation  may  he  mentioned  now,— ^uarnelj,  that  if 
the  blood-pressure  is  increased  without  allowing  the  blood  to  flow, 
the  amount  of  urine  formed  is  not  increased;  this  can  be  done  by 
ligaturing  the  renal  vein;  the  blood-pressure  within  the  kidney  theii 
rises  euormouslj,  but  the  flow  of  urine  stops. 


The  Kidney  Oncometer, 

This  is  an  instrument  constructed  on  plethysmographic  principles, 
by  means  of  which  the  volume  of  the  kidney  is  registered.  The 
general  characters  of  this  instrument  are  described  in  the  diagrams 
on  p,  309.  The  special  form  introduced  by  Roy  for  the  kidney  is 
shown  in  fig.  423.     Roy's  instrument,  however,  is  but  seldom  used  at 
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pressure  in  the  renal  artery  is  produced  by  cunstriction  of  the  renal 
arterioles,  this  is  accompanied  by  a  fall  of  pressure  in  the  renal 
capillaries  and  a  shrinkage  of  the  kidney.  Increase  in  the  volume 
of  the  kidney  is  produced  l3y  the  opposite  circumstances. 

The  accompanying  tracing  (fig.  424)  shows  that  in  a  Dormal 
oncometric  curve  from  the  kidney  there  is  a  rise  of  volume,  due  to 
each  heart-beat,  and  larger  waveSi  which  accompany  respiration.  In 
some  cases  larger  sweeping  waves  (Traube-Hering  curves)  are  seen 
as  well,  but  they  are  absent  in  the  traciug  reproduced.  If  the 
kidney  curve  is  compared  with  the  tracing  of  arterial  pressure,  it 
will  be  seen  that  the  rise  of  pressure  is  simultaneous  with  the  fall  in 
kidney  volume  due  to  constriction  of  the  renal  vessels. 


Activity  of  Eenal  EpitheUnm, 

It  is  now  about  seventy  years  since  Bowman  set  forth  his  views 
concerning  the  functions  of  the  renal  epithelium.  These  views  have 
been  subjected  to  very  searching  criticism,  but  they  may  be  accepted 
at  the  present  time  with  considerable  confidence.  Two  contributions 
of  great  importance  were  made  by  this  observer; — (1)  By  means  of 
injection  he  found  tliat^  in  the  frog,  the  renal  arteries  supplied  both 
the  glomeruli  and  the  tubules  of  the  kidney,  whilst  the  renal  port^il 
vein  carried  blood  only  to  the  tubules,  (2)  From  inspection  of  the 
nature  of  the  epithelium  in  different  situations,  he  inferred  that  the 
flat  cells  of  the  capsule  surrounding  the  glomeruli  were  such  as 
would  serve  for  the  ready  passage  of  water  and  saline  substances. 
The  somewhat  opaque  cubical  cells  of  the  convoluted  tubules  would 
be  likely  to  serve  the  purpose  of  secreting  the  more  complex  nitro- 
genous constituents  of  the  urine. 

Activity  of  Tubules.^^Y^Ty  many  researches  have  been  carried 
out  on  Ibies  which  really  had  their  origin  in  the  researches  of 
Bowman.  Inasmuch  as  the  renal  portal  system  of  the  frog  supplies 
the  tubules  only,  it  is  possible  to  study  the  functions  of  the  tubules 
by  ligature  of  the  renal  arteries.  This  experiment  was  first  per- 
formed by  Nussbaum,  It  resulted  in  the  discovery  that  the  flow  of 
urine  ceased  when  the  glomeruli  were  deprived  of  their  blood -supply, 
but  that  a  flow— scanty,  it  is  true — could  be  re-established  by  the 
injection  of  urea ;  on  the  other  hand,  injection  of  such  substances  as 
peptone  did  not  set  up  a  flow  of  urine.  The  urine  which  resulted 
from  injection  of  urea  was  particularly  rich  in  this  substanca 
Nussbaum  concluded  then  that  the  normal  flow  of  water  was  a 
glomerular  flow,  and  that  such  substaneea  as  urea  were  secreted  by 
the  tubiiles,  whilst  other  substances  (salts  and  peptone)  were  not  so 
secreted. 

Much  doubt  was  east  upon  the  validity  of  the  ahove  experiment 
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by  certain  unsucceasf ul  attempts  to  repeat  it.  Kecent  researches,* 
carried  on  along  quite  different  lines,  but  giving  rise  to  identical 
eonclusione,  appear,  however,  to  have  entirely  established  Nusabaum's 
contentions.  In  the  fonner  of  these  ixLvestigations,  the  original 
experiment  wan  repeated  almost  exactly  after  Nusabaum'e  faeimon, 
and  it  was  found  that  a  secretion  of  urea  could  always  be  evoked 
from  the  ttibules,  provided— ^and  this  provision  is  of  great  importanee 
— that  the  kidney  received  sufficient  oxygen  for  the  mainteuauee  of 
the  functional  activity  of  the  cells.  This  was  accomplished  by  keep- 
ing the  frogs  in  an  atmosphere  of  oxygen.  In  the  second  research, 
the  legs  of  the  frog  were  ligatured  below  the  junction  of  the  renal 
portal  with  the  femoral  vein;  fluid  injected  into  the  aafcerior 
abdominal  vein  would  pass,  therefore,  down  the  femorals,  up  the 
renal  portals,  and  to  the  tubules  of  the  kidney.  In  this  way  aa  ^^ 
artificial  circulation  of  fluid  was  kept  up.  The  fluid  was  of  approxi*  fl 
mately  the  same  saline  content  as  frog's  blood.  Such  a  circulation  ™ 
evoked  no  flow  of  urine;  but  if  certain  diuretics,  such  as  urea,  or 
caffeine,  or  phloridzin,  were  mixed  in  suitalile  doses  with  the  saline, 
a  flow  of  urine  was  set  up.  This  flow  could  at  any  time  l>e  stopped 
by  re-establishing  a  circulation  of  saline  which  contained  no  urea  or 
other  stimulating  substance.  Finally,  it  appeared  that  the  flow  of 
urine  was  accompanied  by  increased  metabolism  of  the  kidney-cells 
in  the  case  of  caffeine  find  dilute  urea  solutions.  This  is  shown  by 
the  fact  that  much  more  of  the  oxygen  dissolved  in  the  saline  was 
removed  by  the  kidney  during  the  secretion  of  the  urine  than  had 
previously  been  the  case.  Example — Oxygen  taken  up  by  resting 
tubules,  *002  c.c.  per  minute;  during  caffeine  diuresis,  *010  c,c.  por 
minute. 

In  the  mammalian  kidney,  the  function  of  the  tubules,  as  opposed 
to  the  glomeruli,  must  be  studied  by  a  different  method.  The  flow 
of  urine  from  the  capsules  must  h>e  eliminated  here  also ;  but  this 
cannot  be  done,  as  in  the  frog,  by  ligaturing  the  renal  arteries;  it  can, 
however,  be  compassed  by  lowering  the  arterial  blood-pressure.  A 
research  of  great  importance  has  been  performed  along  this  line  by 
Heidenhain,  By  cutting  the  spinal  cord,  he  removed  the  arterial  ^M 
tone  from  the  whole  visceral  area,  and  consequently  produced  a  w^ 
blood-pressure  so  low  that  the  flow  of  urine  ceased.  Into  the  animal 
he  then  injected  a  nitrogenous  body,  sidphindigotate  of  soda,  which 
was  known  to  Ije  readily  secreted,  and  which  can  easily  be  seen  by 
reason  of  its  blue  colour.  Subsequent  examination  of  microseopieal 
sections  of  the  kidney  showed  the  pigment  in  the  lumen,  and  in  the 
cells  of  those  parts  of  the  kidney  tubule  to  which  Bowman  ascribed 
a  secreting  function,  but  never  in  the  glomenUL     This  experiment 

•  By   Beddord  and  Bui n bridge  at  Giiy's  Hospital,  and  by  Brodie,    Barcrolt,] 
Hanini,  find  Misn  Cull  is  at  the  London  School  or  Medicine  tot  Women. 
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loses  mueh  of  its  interest  if  sulphindigcjtate  of  Boda  cannot  be 
taken  as  a  type  of  lutragenous  bodies  generally,  especially  of 
urea. 

Urea  itself  is  a  very  difficult  substance  to  trace  in  tluB  way, 
because  it  does  not  leave  a  coloureti  trail  behind  it.  In  birds,  the 
place  of  urea  m  taken  by  uric  acid,  and  the  urates  can  actually  be 
traced,  because  they  are  deposited  as  crystals  and  can  he  seen  in  the 
celb  and  convoluted  tubules  in  much  the  same  way  as  Heidenliain's 
blue  pigment. 

Aeitpiitj  of  G^/aww!m/i.— What  we  have  said  not  only  shows  that 
the  tubules  have  an  excretory  function  for  urea  and  certain  other 
nitrogenous  substances  (to  these  w©  may  add,  in  a  more  qualitied 
way,  phosphates  and  nitrates),  but  it  clears  the  way  for  a  study  of 
the  functions  uf  the  glomerulus.  Already  we  have  shown  that 
sulphates  and  chlorides,  and  salitie  substances  generally  (except 
phosphaten  and  nitrates)  are  not  secretetl  by  the  tubules,  and  water 
only  seems  to  be  so  secreted  under  special  circumstances*  The 
elimination  of  these  substances  must,  therefore,  be  relegated  to  the 
glomeruli  The  point  of  greatest  interest,  with  regard  to  the 
glomerular  mechanism,  is  how  far  it  is  a  filtration  nxerely  and  how 
far  it  is,  in  the  more  restricted  sense,  a  secretion. 

Generally  speaking,  those  changes  in  the  general  arterial  blood- 
pressure  which  we  should  expect  to  cause  an  increased  tiltrafce  are, 
in  fact,  accompanied  by  diuresis.  Thus,  the  capillary  pressure  may 
be  increased  in  the  following  ways; — 

(1)  By  increase  in  the  force  and  frequency  of  the  lieart-beaL 

(2)  By  constriction  of  the  arterioles  of  areas  other  than  that  of 
the  kidney,  as  in  cold  weather  wlien  the  cutaneous  capillaries  are 
constricted.* 

Local  changes,  which  give  rise  to  a  high  pressure  in  the 
glomerular  capillaries,  are  also  associated  with  incrmsed  How  of 
urine ;  for  instance : — 

(1)  If  the  renal  nerves  are  divided,  the  renal  arterioles  relax »  and 
the  pressure  in  the  renal  capillaries  rises ;  this  leads  to  an  increased 
flow  of  urine,  which  is  accompanied  by  an  increase  in  the  volume  of 
the  kidney,  as  shown  by  the  oncometer.  Stimulation  of  the  divided 
nerves  produces  diminution  tu  the  flow  of  urine,  and  a  shrinkage  of 
the  kidney  due  to  constriction  of  its  blood- vessels, f  [If  the 
splanchnic  nerves  are  experimented  with  instead  of  the  renal,  the 
effects  are  not  so  marked,  aa  these  nerves  have  a  wide  distribution, 
and  section  leads  to  vascular  dilatation  in  the  whole  splanchnic  area ; 

•  The  reciprocal  actioii  betw^een  skin  and  kidneys  will  be  di*M!ws&ed  more  fully 
in  the:  chapter  on  the  skin. 

t  These  nerves  also  contaia  Taso-diLator  ^breSf  ^hah  are  ex  died  whea  a  slow 
Tuic  of  stimulation  is  used  (Bee  p.  ^07Jl 
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(2)  PuQcture  of  the  floor  of  the  fourth  ventricle  in  the  neiglibour- 
hood  of  the  viiso-motor  centre  (close  to  the  spot,  puncture  of  which 
producea  glycosuria)  leads  to  relaxation  of  the  renal  arterioles  and  a 
eonsequent  large  increase  iif  urine. 

Whilst  these  facts  clearly  indicate  a  connection  between  the 
capillary  pressure  and  the  urinary  flow,  there  are  numeroua  observa- 
tions wluch  are  diflieult  to  explain  on  .such  a  simple  mechanical 
hypothesis,  Experimen tally,  it  may  be  shown  that  an  iiicrea&cd 
kidney  volume  on  the  one  hand,  or  an  increased  iluw  of  urine  on  tha 
other,  may  take  place  without  an  increased  hlood-flow  through  the 
kidneys.  Nor,  indeed,  is  there  always  an  increased  kidney  vohime 
with  an  increiised  flow  of  urine. 

Adhering  to  the  view  that  the  flow  of  urine  produced  by  saline 
diuretics  (such  as  sodium  sulphate)  is  essentially  a  glomerular  flow, 
we  would  point  out  that  there  are  diliiculties  in  finding  a  ready 
explanation  of  a  sodium  sulphate  diuresis  as  the  result  of  purely      ^ 
vascular  changes :  ^ 

(1)  This  salt  is  much  more  rapidly  eliminated  than  othera  H 

(2)  It  causes  hydremic  plethora;  by  this  means  it  increases 
the  water  in,  and  so  the  total  volume  of,  the  blood ;  it  does  not*  how- 
ever, appreciably  increase  the  arterial  pressure ;  and  if  we  njay  accept 
the  analogy  of  the  intestinal  and  liver  capDJanes  to  the  glomerular 
and  tubular  capillaries  af  the  kidney  respectively,  hydrsemic  plethora, 
thougli  it  would  markedly  increase  the  pressure  in  the  capillaries 
surrounding  the  tubules,  would  not  cause  greatly  increased  exudation 
from  the  vessels  of  the  glomeruli, 

(3)  Sodium  sulphate  diuresis  (and,  indeed,  all  forms  of  diuresis 
which  have  been  investigated)  is  aecompanied  with  a  grmt  increase 
of  oxygen  used  by  the  kidney,  even  in  cases  where  the  urine  is  very 
dilute. 

(4)  It  has  also  l>6en  shown  that  if  the  pressure  of  urine  in  the 
ureter  is  artificially  raised ,  as  by  partially  blocking  it,  injection  of 
the  salt  causes  an  increase  of  the  output  of  sodium  sulphate,  and 
fretpiently  of  the  total  output  of  urine. 

Another  fact  which  is  out  of  harmony  with  the  idea  that  filtra- 
tion alone  will  account  for  the  functions  of  the  glomerulus,  is  the 
extreme  ease  with  which  the  kidney  may  he  asphyxiated.  Heiden- 
hain  has  shown  that  clamping  the  renal  artery  for  ten  seconds  may 
produce  suppression  of  urine  for  a  long  period. 

Again,  it  is  possible  to  obtain  urine  which  is  much  more  watery 
even  than  the  plasma. 

To  sum  up  our  knowledge  of  the  kidney,  wo  may  say  that : — 

(1)  The  function  of  the  glomerulus  is  concerned  with  the  eliniina- 
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tion  of  water  and  salts^  aud  perhaps  a  trifling  r|uantity  of   urea 
washed  through  with  the  water* 

(2)  That  both  physical  and  secretory  factors  enter  into  this 
function* 

(3)  That  the  function  of  the  tubules  is  a  purely  secretory  onOj 
and  deals  with  the  elimination  of  uroa  and  certain  other  nitrogenous 
suljatances,  as  well  as  plioaphatea  and  nitrates. 

It  should  be  mentioTied  that  Ludwig  held  that  reabsorption  of  some  of  the  water 
and  salts  which  escape  at  the  glomeruli  takes  pitiee  in  the  tubules.  Thi,s  view  hiui 
been  revived  bj  the  recent  work  of  Meyer  and  of  Cushtiy*  and  a  good  deal  of  con- 
troversy m  taking  place  whether  sut-h  a  view  is  correct.  In  ray  opinion,  however^  the 
main  function  of  the  tubules  is  undoubtedly  secretion  as  just  stated,  not  absorption. 

Diuretics. — We  have  gone  very  fully  into  the  f unctions  of  the 
kidney,  for  it  frequently  happens  that  drugs  must  be  preacribed  for 
the  purpose  of  pramoting  tliese  functions.  Sucli  drugs  are  called 
diuretics.  They  act  in  ditferent  ways,  souie  locally  on  the  kidney, 
such  aB  caffeine,  and  in  our  view  some  of  the  saline  dim*eticB; 
others,  such  as  digitalis,  act  upon  the  general  hlood -pressure.  It  is  im- 
portant, in  prescribing  these  drugs,  not  to  lose  sight  of  the  fact  that 
whilst  tlie  greatest  baneht  may  attend  their  action,  it  is  doubtful 
whether  any  of  them  (the  digitalis  group  excepted)  can  he  regarded 
as  doing  their  work  witliout  throwing  a  greater  or  less  strain  upon 
some  portion  of  the  renal  epithelium. 

The  Work  done  hy  the  Kidney. 

We  can  estimate  the  energy  transformed  liy  the  kidney  in  more 
than  one  way,  Ttie  urine  is  much  more  concentrated,  as  regards 
crystalline  constituents,  than  the  plasma  from  whieh  it  was  produced. 
Thus,  urine  contains  about  2  per  cent,  of  urea  on  an  average,  plasma 
0'03  per  cent.,  and  the  same  is  true  in  different  degrees  for  other  sub- 
stances. It  follows  that  if  m-ine  were  placed  inside  an  osmometer  and 
an  unlimited  supply  of  plasma  outsiiie,  water  would  be  sucked  into 
the  osmometer  until  a  column  of  tiuid  of  great  height  had  been 
estabhshed  and  much  work  had  been  performed  in  raising  it  In  a 
specific  instance,  the  blood -plasma  had  an  osmotic  pressure  equivalent 
to  a  0'92  per  cent  solution,  and  the  urine  to  a  4  per  cent  solution,  of 
sodium  chloride.  From  these  data,  and  from  tlie  amount  of  urine 
secreted,  it  is  possible  to  make  a  calculation  of  the  work  perforjoed 
by  the  kidney.  In  other  words,  the  energy  used  by  the  kidney  in 
secreting  the  urine  cannot  be  less  than  what  is  given  by  this  purely 
physical  consideration. 

The  maximimi  energy  used  up  by  the  kidney  may  be  calculated 
in  quite  another  way.  Estimations  have  l>een  made  of  the  amount 
of  oxygen  used  by  the  kidney  in  secreting  urines  oi  known  concen- 
tration; this  oxygen  may  be  taken  as  a  measure  of  the  amount  of 
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kidtie/  material  used  up*     If  the  amoiml  ot  tnateholiBiii  be  dni  I 
detarmined,  we  caa  arrive  at  the  amount  of  enagy  used  op  bjr  t 
kaowladge  of  the  beat  prciduDad  by  the  deamiponlioii  of  this  amicmt 
of  kidney  inaterkL 


The  kidney  rAnnut  be  doing  more  work  IhAo  tts  mdalia&m  aonxmls  1 
i  miplKWpc  Ihc  kidniry^  Bving  on  protem  (and  the  g^ufts  vovld  not  differ  | 
%re  •yppo»ed  it  to  be  Uving  on  carbohydrate),  we  tofty  «t&rt  wr^  tlie  j 
GOnttanb  I  1  c.cv  of  oxygoi  aijdi««s  1  miUigmmme  of  ppotem.  aod  fonos 
guIniii  dimde,  ure&t  etr.  to  dcnng  io.  It  gives  out  4  neot-miits  or  caloric 
€fatt|)ter  XL^)t  And  tbis  is  eqiilTalent  to  1 70,000  ffrmnune-centinietps  of  woik^  Ia  « 
tretal  eEperbneat  durtog  diorol^  the  kSdney  used  i  e.c  of  OKygcfi  pa-  minnlc; 
tab  WAS,  tbcfefore,  equrralent  to  6S0»900  grminiiieK^jitinietr^  of  wg>k,  mmd  the 
encmr  tmofiformed  from  potentul  to  kinetic  energy  by  the  kidney  cmonoC  hsv^ 
btsen  fesH  than  thi&  Let  us  eociiider  what  evidence  there  is  of  laedi&aicaJ  vvnic 
which  the  ormn  do^  aA  an  oi(BMt  ag&inht  this;  one  way  m  whicb  the  woik 
manifnts  tt«df  Li  in  the  coEieentrattoti  of  the  urine  j  this  fluid  is  tnaai'  timea  morr 
tttnevhtrtitt^  than  the  hlood-pl&snm.  The  degree  of  cont^otratioc]  cao  be  calcii- 
Ijitcd  from  a  knowJedge  of  tne  freezing-poLnU  of  the  biood  and  uttnc ;  iJi^  grealer 
the  concentration  of  a  soJution  of  a  crystal  Hue  stibstance,  the  lower  is  its  free^inf- 
poJnt  (iee  p.  :ii5}>  In  this  waj.  It  wa>  cak-uUted  that  1 4  JOO  gTamme-centtmetres  of 
work  wai  done  in  the  case  just  referred  to.  If  the  calitilation  is  m^de  for  each 
salt  teparabety,  a  higher  %iii>e  than  thm  would*  however,  t^c  obtained ;  but  evea 
theOt  much  of  the  energy  QT\h*i  kidney  ij»  left  unaccouoted  for  ;  and  in  all  probability 
the  Ifansfercnce  even  of  water  at  a  rapid  rate  through  protoplasm  is  a  pfocess 
Involring  the  active  metai>olism  of  cells. 

BxtirpatioQ  of  the  Kidneys. 

EaUirpaiwn  of  one  kidney  fur  atone,  etc.,  is  a  Qommon  operation. 
It  ifl  not  followed  by  aoy  untoward  result.  The  remaining  kidney 
enlargee  and  does  the  work  previoaely  shared  between  the  two. 

Exiirpaiion  of  both  kidneys  is  fatal ;  the  urea,  etc.,  accumulate  in 
the  blood,  and  the  animal  dies  in  a  few  daya;  uraemic  convulsiona 
(aoQ  p.  569)  do  not  occur  in  such  experiments. 

LigaiuTB  of  both  renal  arteries  amounts  to  the  aamo  thing 
m  extirpation  of  the  kidneys,  and  leads  to  the  same  result.  If  the 
ligature  ia  released  the  kidney  after  a  time  again  sets  to  work,  but  the 
urine  secreted  at  first  ia  albuminous,  owing  to  the  epithelium  having 
been  im]*aired  by  being  deprived  for  a  time  of  its  blood  supply.  The 
ease  with  which  the  kidney  can  be  injured  by  asphyxiation  has 
already  been  alluded  to  (pp*  556,  558), 

Brudfr>rd  stated  that  in  dogs  removal  of  one  kidney,  followed  at  a  later  period 
by  rcnicivul  of  a  half  or  two -thirds  of  the  other,  produced  the  surprising  result  that 
the  Muimab  iifter  the  second  operation  secreted  an  incrca,sed  quantity  of  urine,  and 
this  contained  usually  a  quatitity  of  urea  in  excess  of  the  normal ;  the  animals 
waJiU;d  rapidly  and  died  within  a  few  weeks.  From  these  experiments  wide- 
rcfU'hing  *'onctu!«ions  were  drawn,  one  of  which  waa  tliat  the  kidney  plays  (perhaps 
by  means  of  an  internal  secretion)  an  important  role  in  nitrogenous  mctabolJsfn 
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apart  from  merely  excreting  wa,stc  substances.  Great  caution  sliouJd,  however^  be 
exercised  in  jumping  to  t-onclusions  at  present,  especially  bccauKe  recent  attempts 
to  obtain  the  same  results  in  cats  have  taikd  to  confirm  Brodford*s  statements. 
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The  Passage  of  TTrlne  into  the  Bladder. 

As  each  portion  vf  urine  is  secreted  it  propels  that  which  18 
already  in  the  uriniferous  tubea  onwards  into  the  pelvis  of  the 
kidney.  Thence  through  the  ureter  the  urine  passes  into  the  bladder, 
into  which  its  rate  and  mode  of  entrance  has  been  watched  in  cases 
of  ectopia  vesiem,  i.e.  of  such  fissures  in  the  anterior  and  lower  part  of 
the  walls  of  the  abdomen,  and  of  the  front  wall  of  the  bladder^  as 
expose  to  view  its  hinder  wall  together  with  the  orifices  of  the  ureters. 
The  urine  does  not  enter  the  bladder  at  any  regular  rate,  nor  is  there 
a  synchronism  in  its  movement  through  the  two  uretera  During  fast* 
ing,  two  or  three  drops  enter  the  bladder  every  minute ;  each  drop  as 
it  enters  first  raises  up  the  little  papilla  through  which  the  ureter 
opens,  and  then  passes  slowly  through  its  orifice,  which  at  once  again 
closes  like  a  sphincter.  In  the  recumbent  posture,  the  urine  collects 
for  a  little  time  in  the  ureters,  then  flows  gently,  and,  if  the  body  is 
raised,  runs  from  them  in  a  stream  till  they  are  empty.  Its  flow  is 
aided  by  the  peristaltic  contractions  of  the  ureters,  and  is  increased 
in  deep  inspiration,  or  by  straining,  and  in  active  exercise,  and  in 
fifteen  or  twenty  minutes  after  a  meal.  The  urine  ia  prevented  from 
regurgitation  into  the  ureters  by  the  mode  in  which  these  pass 
through  the  walls  of  the  bladder,  namely,  by  their  lying  for  between 
half  and  three-quarters  of  an  inch  between  the  muscular  and  mucous 
coats  before  they  turn  rather  abruptly  forwards,  and  open  through 
the  latter  into  the  interior  of  the  bladder. 


Micturition. 

The  contraction  of  the  muscular  walls  of  the  bladder  may  by 
itself  expel  the  urine  with  little  or  no  help  from  other  musclea  In 
so  far,  however,  as  it  is  a  voluntary  act,  it  is  performed  by  means  of 
the  abdominal  and  other  expiratory  muscles,  which  in  their  contrac- 
tion press  on  the  abdominal  viscera,  the  diaphragm  being  fixed,  and 
cause  the  expulsion  of  the  contents  of  those  whose  sphincter  muscles 
are  at  the  same  time  relaxed.  The  muscular  coat  of  the  bladder 
co-operates,  in  micturition,  by  reflex  involuntary  action,  with  the 
abdominal  muscles ;  and  the  act  is  completed  by  the  acctlerat&r  urtnm^ 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  the  last 
drop  of  urine  from  the  urethra.  The  act,  so  far  as  it  is  not  directed 
by  volition,  is  under  the  control  of  a  nervous  cmitre  in  the  lumbar 
spinal  cord,  through  which,  as  in  the  case  of  the  similar  centre  for 
defeecation,  the  various  muscles  concerned  are  harmonised  in  their 
action.  It  ia  well  known  that  the  act  may  be  reflexly  induced,  e.g., 
in  children  who  suffer  from  intestinal  worms,  or  other  such  iiTitation, 
Crenerally,  the  afferent  impulse  which  calls  into  action  the  desire  to 
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mieturate  is  excited  by  overHliBtension  of  tlie  bladder,  or  even  by  a 
few  drops  of  urine  passing  into  the  urethra.  The  impulse  passes  up 
to  the  lumbar  centre,  and  produces,  on  the  one  hand,  mhibition  of  the 
sphinctar,  and  on  the  other  hand,  contraction  of  the  oecessary  muscles 
for  the  expulsion  of  the  contents  of  the  bladder.  The  tomc*^ action  of 
the  lumbar  centre  can  also  be  inhibited  by  the  wilL 

The  bladder  racaives  nerves  from  two  aoureas; — (1)  from  the 
lower  dorsal  and  upper  lumbar  nerves;  these  fibres  pass  to  the 
sympathetic  chain,  from  here  to  the  inferior  mesenteric  gangUon, 
and  ultimately  reach  the  bladder  by  the  hypogastric  nerves.  Stimu- 
lation of  these  nerves  causes  contraction  of  the  circular  fibres  of  the 
bladder,  including  the  sphincter;  (2)  from  the  aecond  and  third 
sacral  nerves;  these  ran  to  the  bladder  by  the  nervi  erigentes. 
Stimulation  of  these  nerves  causes  relaxation  of  the  sphincter  and 
contraction  of  the  detrusor  urinae.  (Zeissl)  Langley  and  Andei^on 
find,  however,  that  stimulation  of  both  sets  of  nerves  causes  contrac- 
tion of  both  longitudinally  and  circularly  arranged  muscle  bundl 
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Quautltsr. — A  man  of  average  weight  and  height  posses  from  1400 
to  1600  c.c,  or  about  50  oz,  daily.  This  contains  about  50  grammes 
(IJ  oz.)  of  solida.  For  analytical  purposes  it  should  be  collected  iii 
a  tall  glass  vessel  capable  of  holding  3000  ex.,  which  should  have  a 
smooth-edged  neck  accurately  covered  by  a  ground-glass  plate  to 
exclude  dust  and  prevent  evaporation*  The  vessel,  moreover,  should 
be  graduated  so  that  the  amount  may  be  easily  read  oft  From  the 
total  quantity  thus  collected  in  the  twenty-four  hours,  samples  should 
be  drawn  off  for  examination- 
Colour, — This  is  some  shade  of  yellow  which  varies  considerably 
in  health  with  the  concentration  of  the  urine.  It  is  due  to  a  robtture 
of  pigments ;  of  these,  urobilin  is  the  one  of  which  we  have  the  most 
accurate  knowledge*  Urobilin  has  a  reddish  tint,  and  is  ultimately 
derived  from  the  blood  pigment,  and,  like  bile  pigment,  is  an  iron- 
free  derivative  of  haemoglobin.  The  bile  pigment  in  the  intestines 
is  converted  into  stercobilin ;  most  of  the  stercobilin  leaves  the  body 
with  the  faeces ;  some,  however,  is  reabsorbed  and  is  excreted  with  the 
urine  as  urobilin  (see  p.  521).  Normal  urine^  however,  contains  very 
little  urobilin.  The  actual  body  present  is  a  chromogen  or  mother 
substance  called  urobilinc^en,  which  by  oxidation — for  instance* 
standing  exposed  to  the  air — is  converted  into  the  pigment  proper. 
In  certain  diseased  conditions  the  amount  of  urobilin  is  considerably 
increased. 

The  most  abundant  urinary  pigment  is  a  yellow  one^  named 
urochroms.  It  shows  no  absorption  bands.  It  is  probably  an  oxida- 
tion product  of  urobilin,     (Riva,  A,  E,  Garrod.) 

Keaotlon. — The  reaction  of  normal  urine  is  acid.  This  is  not  due 
to  free  acid,  as  the  uric  and  hippuric  acids  in  the  urine  are  combined 
as  urates  and  hippurates  respectively.  The  acidity  is  due  to  acid 
aalta,  of  which  acid  sodium  phosphate  is  the  most  important.  Under 
certain  circumstances  the  urine  becomes  less  acid  and  even  alkaline; 
the  most  important  of  these  are  as  follows : — 

1.  During  digestion.     Here  there  is  a  formation  of  free  acid  in 
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the  stomach,  and  a  oorrespondiiig  liberation  of  bases  in  the  blood. 
which,  passing  into  the  mine,  diminish  its  acidity,  or  even  render  it 
alkaline.  This  is  called  the  alkalim  tide;  the  opposite  oondition,  th 
add  tide,  occurs  after  a  fast — for  instance,  before  lireakfast, 

2.  In  herbivorous  aniroals  and  vegetarians.  The  food  here  con- 
tains excess  of  alkaline  salts  of  acids  such  as  tartaric,  citric^  malic,  etc 
These  acids  are  oxidised  into  carhonates,  which,  passing  into  the  urine, 
give  it  an  aLkaUne  reaction. 

Specific  Oravity, — ^This  should  be  taken  in  a  sample  of  the 
twenty-iour  honra'  urine  with  a  urinometer, 

Tho  specific  gravity  varies  inversely  as  the  quantity  of  urine 
passed  under  normal  conditions  from  1015  to  1025*  A  specific 
gravity  bek»w  1010  shoidd  excite  suspicion  of  hydrnria;  one  over 
1030,  of  a  febrile  condiUon,  or  of  diabetes,  a  disease  in  which  it  may 
rise  to  1050.  The  specific  gravity  has,  however,  been  known  to  sink 
as  low  as  1002  (after  large  potations,  urinapoiua),  or  to  rise  as  high 
as  1035  (after  great  sweating)  in  perfectly  healthy  persona 

Oompoaitlon.^The  following  table  gives  the  average  amount  of 
the  urinary  constituents  passed  by  a  man  taking  an  ordinaty  diet 
containing  about  100  grammes  of  protein  in  the  twenty  *f6ur  hours* 

Total  quantity  of  urine    . 

Wiitcr 

SolicU 

UfCH 

Urtt*  acid  .,♦,*♦, 

Sodium  chloride 

Phosphoric  acid       ...... 

Sulphuric  ftcid  -♦♦..* 

Ammonia         ,..«... 
Creatinine        *.,*... 

Chlorine 

Fota^siuni        *...... 

Sodium    ,..*.... 

Calcium  , 

Magnesium    : . 

The  most  abundant  oonatituents  of  the  urine  are  water^  urea,  and 
saiium  chloride.  In  the  foregoing  table  one  must  not  be  nxisled  by 
seeing  the  names  of  the  acids  and  metals  separated.  The  acids  and 
the  baaoB  are  combined  to  form  salts,  such  as  urates,  chlorides, 
sulphates^  phosphates,  ete. 


l&OO'Wj 

grammes. 

1440^00 

SOiH) 

35i)0 

*i 

075 

I't 

16 '5 

»* 

3-6 

*• 

2i> 

tt 

0'fl5 

if 

0-9 

^1 

n  '0 

** 

2'^ 

«i 

b% 

14 

0*26 

•  * 

0-21 

it 

Urea. 


Urea,  or  Carbamide,  COCNH,)^,  is  isomeric  (that  is,  has  the  same 

ipirical,  but  not  the  same  structural   formula)   with  ammomum 

^Oyanate  (NH^)  CNO,  from  which  it  was  first  prepared  syntlieticaUy 

by  Wuhler  in  1828.     Since  then  it  baa  boen  prepared  Byuthetically 

in  other  ways.     Wohlor's  observation  derives  interest  from  the  fact 
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that  this  waa  the  first  organic  substance  which  was  prepared  syntheti- 
cally by  cheniista.* 

When  crystallised  out  from  the  urine  it  is  found  to  be  readily 
soluble  both  in  water  and  alcohol :  it  baa  a  saltish  taste,  and  is  neutral 
to  litmus  papen  The  form  of  its 
crystals  is  shown  in  fig.  425. 

When  treated  with  nitric  acid, 
nitrate  of  urea  (CON.H^.HNO^)  is 
formed ;  this  crystallises  in  octahedra, 
lozenge-shaped  tablets  or  hexagons  (fig, 
426),  Whon  treate^l  with  oxalic  acid, 
flat  or  prismatic  crystals  of  urea  oxa- 
late (CON.,H,.H,C,0^  +  H,0)  are  formed 
(fig.  427)/ 

These  crystals  may  be  readily  ob- 
tained by  adding  excess  of  the  respective 
acids  to  urine  which  has  been  concen- 
trated to  a  third  or  a  quarter  of  its  bulk. 

Under  the  influence  of  an  organised  ferment,  the  micrococcus 
ureae,  which  grows  readily  in  stale  urine,  urea  takes  up  water, 
and  is  converted  into  ammonium  carljouate  [C0N.|H|-|-2H^0  = 
(NHi)jjCOJ.     Hence  the  ammoniacal  odour  of  putrid  urine. 

By  means  of  nitrous  acid,  urea  is  broken  up  into  carl)onic  acid, 
water  and    nitrogen,   CON,H4+2HN0g  =  CO.-h3HsO+2K^       The 


Pig,  4i!£,— CrytUlA  of  Uroft. 


Fio-  4SQ.— Ciyit&l8  of  tJram  nttrate. 


FfQ,  4S7,— CiTKtali  of  Urea  uxHlAtA, 


ev^ohition  of  gas  bubbles  wliich  takes  place  on  the  addition  of  fuming 
nitric  acid  may  bo  used  as  a  test  for  urea. 

Hypobromite  of  soda  decomposes  urea  in  the  following  way  ; — 


CONjjH^   ^  SNaBrO   -- 

[Uita.]  [Scxliiim 

hyjjobrqmitcl 


CO.,   +   Na   +   2H2O   +   3NaBr, 

[C^irb^lc  tKitngvD,]     [ Water.]  [Sotlinm 


This  reaction  is  important,  for  on  it  one  of  the  readiest  methods 
for  estimatmg  urea  depends.     There  have  been   various  pieces  of 

•  MddloJa  has  pointed  out  that  the  English  chemist  Henry  HenneJJ  prepar**d 
alcohol  from  oldiant  gas  simultaocousty  with  VV^ohlet's  sytjtfiesls  of  urea*  The 
honour  of  founding  the  science  of  organic  chemistjy  must,  therciore,  be  shared 
between  the  two  men. 
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apparatus  invented  for  rendering  the  analysis  easy;  but  ihe  one 
describerl  bolow  is  the  best  If  the  experiment  i&  performed  as 
directed,  nitrogen  ia  the  only  gas  that  comes  off,  the  carbonic  add 
being  absorbed  by  excess  of  soda.  The  amount 
of  nitrogen  is  a  measure  of  the  amount  of  urea. 

Dtipi^'s  apparatus  (fig.  428)  constsU  of  a  bottle  (A) 
united  to  a  meiisuriiig  tube  by  indiarubber  tubinif,  TTie 
measuring  tube  (C)  is  placed  within  a  cylinder  of  water 
(D)i  and  can  be  mised  and  lowered  at  wiU.  Measure 
25  c.c\  of  alkatine  solution  of  sodium  hypobtximite 
(made  by  mixing  2  c.c  of  bromine  with  23  cc.  of  a  40 
ner  cent  solution  of  caustic  soda)  into  the  bottle  A. 
Measure  5  cc  of  urine  into  a  small  tube  (B),  and  lower 
it  carefully,  an  that  no  urine  spills,  into  the  bottle. 
Close  the  bottle  securely  witli  a  stopper  perforated  by 
a  glass  iube  i  this  glass  tube  (the  bujb  blown  on  this 
tube  prevents  froth  from  passing  into  the  rest  of  the 
apparatus)  is  connected  to  the  measuring  tube  by  india- 
rubber  tubing  and  a  T-pi«<ie,  The  third  limb*  of  the 
T-piet'e  i.s  closed  by  a  piece  of  indiarubber  tubing  and 
n.  pinch-cock,  seen  at  the  top  of  the  fissure.  Open  the 
ptnch-coc-k  and  lower  the  measuring  tube  until  the  sur- 
face of  the  water  with  which  the  outer  cylinder  is  filled 
is  at  the  lero  point  of  the  graduation.  Close  the  pinch- 
cock ,  and  raise  the  meai^uring  tube  to  oMCertain  if  the 
apparatus  is  air-tight  Then  lower  it  a^in.  Tilt  the 
bottle  A  so  as  to  upset  the  urine,  and  sJiake  well  for  a 
minute  or  so*  During  this  time  there  is  ao  evolution 
of  gas.  Then  immerse  the  bottle  in  a  large  beaker  con- 
^^D  taining  water  of  the  same  tempemtun?  as  that  in  the 
cylinder.  After  two  or  tliree  minutes  raise  the  measur- 
ina  tube  until  the  surfaces  of  the  water  inside  and  out- 
sioe  it  are  at  the  same  level  Read  off  the  amount  of 
gas  (nitrogen)  evolved.  8.'"'4  cc,  of  nitrogen  are  yielded 
by  O'l  gramme  of  urea.  From  this  the  quantity  of  urea 
in  the  5  c.c.  of  urine  and  the  f>ercentage  of  urea  can  be 
calculated.  If  the  total  urea  j)assed  in  the  twenty-four 
hours  Is  to  be  aseertiiined,  the  twenty-four  hours  urine 
must  be  carefully  measured  and  thoroughly  minced. 
A  sample  is  then  taken  from  the  total  for  analysis  ;  and 
then*  by  a  simple  sum  in  proportion » the  total  amount 
of  urea  Is  ascertained. 
A  more  accurate  determination  can  be  best  made  by  the  method  introduced  by 
Morner  and  Sjoquist  The  following  reagents,  etc,  nrc  wanted  : — (u)  A  saturated 
solution  of  barium  chloride  containing  f*  per  cent  of  barium  hydrate  :  (li,)  A  mixture 
of  alcohol  and  ether  in  the  proportion  2  : 1  j  {iii. )  The  apparatus,  etc.,  necessary  for 
carrying  out  Kieldahrs  methoa  of  estimating  nitK?gen.  6  cc.  of  urine  are  mixed 
with  h  ecu  of  the  l>arium  mixture,  and  100  cc  of  the  ether- alcohol  mixture.  By 
this  means  all  nitrogenous  substances  except  urea  are  precipitated*  Twenty-four 
hours  later  this  is  filtered  off,  and  the  precipitate  is  washed  with  50  c.c.  of  the  ether- 
alcohol  mixture.  The  washines  are  added  to  the  filtrate,  and  a  little  magnesia  ts 
added  to  drive  off  ammonia.  The  tiuid  is  then  evaporated  dov^n  at  55*  C.  until  its 
volume  is  about  lOccand  the  nitrogen  in  tl^is  estimated  by  Kjeldahl's  method. 
The  nitrogen  found  is  multiplied  by  2*1434  and  the  result  is  the  amount  of  the  urea* 
KjeldahUs  mcthoti  of  estimating  nitrogen  consists  in  boiling  the  material  under 
investigation  with  strong  sulphuric  acid.  The  nitrogen  present  is  by  this  meaiis 
converted  into  ammonia.    Excess  of  soda  is  then  added,  and  the  ammonia  distilled 
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over  into  a  known  volume  of  standiird  acid.  The  amount  of  diroinutioti  of  acidity 
in  the  standard  enables  one  to  calculate  the  amount  of  ammonia,  and  thence  the 
amount  of  nitrogen. 

The  qtmntxty  of  urea  is  variable,  the  chief  cause  of  variation 
being  the  amount  of  protein  food  ingested.  In  a  man  in  a  state  of 
nitrogenous  equilibriiim,  taking  daily  100  grammes  of  protein  in  his 
food,  the  quantity  of  urea  secreted  daily  is  about  33  to  36  grammes 
(600  grains).  The  percentage  in  human  urine  would  then  be  2  per 
cent;  but  this  also  varies,  because  the  concentration  of  the  urine 
varies  considerably  in  health.  In  dogs  it  may  be  10  per  cent. 
The  excretion  of  urea  is  usually  at  a  maximnm  three  hours  after  a 
mealp  especially  after  a  meal  rich  in  proteins*  If,  therefore,  people 
adopt  the  Chittenden  diet,  which  contains  about  half  the  quantity  of 
protein  which  is  present  in  the  more  usual  Voit  dietary,  their  urine 
win  naturally  show  a  nitrogenoua  output  of  half  of  that  which  is  now 
regarded  as  normal  In  those  who  adopt  such  a  reduced  diet,  Folin 
has  shown  that  the  decrease  in  urinary  nitrogen  falls  mainly  on  the 
urea  fraction,  and  in  some  cases  the  urea  excreted  accounted  for  only 
66  per  cent,  of  the  total  nitrogen.  The  other  nitrogenous  katabolites 
of  the  urine  alter  comparatively  little  under  such  circumstances,  and 
the  creatinine  in  particular  remains  remarkably  constant  in  amount 

In  our  study  of  protein  absorption  (p.  530),  we  have  already 
indicated  that  the  amino-acid  fragments  of  the  food-protein  are 
utilised  in  two  ways,  A  small  part  is  used  by  the  tissue  cells  for 
f  the  recooatruction  of  their  protein  which  has  undergone  kata holism. 
In  time  this  will  in  turn  be  katabolised,  and  the  waste  products 
dischargtxl  as  ammonia,  creatinine,  and  probably  a  certain  amount 
of  urea.  This  form  of  metabolism  may  be  termed  tissue  or  midogenous 
metabolism,  and  its  amount  is  constant  and  independent  to  a  great 
extent  of  the  food.  The  other  and  larger  part  of  the  cleavage  pro- 
ducts of  the  food  protein  are  not  made  use  of  thus,  but  are  rapidly 
converted  into  urea  by  the  liver,  and  discharged  by  the  kidney. 
This  part  of  metabolism  may  be  termed  exogenous ;  it  is  variable  in 
amount,  and  depends  on  the  quantity  of  ingested  protein. 

That  the  liver  is  the  organ  where  urea  is  made  is  shown  by  the 
following  considerations : — 

1.  After  removal  of  the  liver  in  such  animals  as  frogs,  urea 
formation  almost  ceases,  and  ammonia  is  found  in  the  urine  instead. 

2.  In  mammals*  the  extirpation  of  the  liver  is  such  a  severe 
operation  that  the  animals  do  not  live,  But  the  liver  of  mammals 
can  be  very  largely  thrown  out  of  gear  by  connecting  the  portal  vein 
directly  to  the  inferior  vena  cava  (Eck's  fistula).  This  experiment 
has  been  done  successfully  in  dogs ;  the  amount  of  urea  in  the  urine 
is  lessened,  and  its  place  is  taken  by  ammonia, 

3.  When  degenerative  changes  occur  in  the  liver,  as  in  eirrhasis 
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that  organ,  the  urea  formeci  is  much  lessened,  and  ita  place  is 
cen  by  ammonia.  In  amUe  ydhw  atrophy  urea  is  almost  absent  in 
the  urine,  and,  again,  there  is  eonBidarable  increase  in  the  atnmonza 
III  this  diaaaa@  leucine  and  tyrofiine  are  also  found  in  the  orine; 
they  originate  in  the  inteetiae,  and,  escaping  further  decomposition 
in  the  d^nerated  liver,  pass  aa  such  into  the  urine.  * 

That  the  amino-acida  are  the  substance  from  which  the  liver 
forms  urea  is  shown  by  the  fact  that  if  such  amino-aeids  aa  gljcinOi 
loiictito,  arginine,  etc.,  are  administered  by  the  mouth,  or  injeetad 
into  the  blfxxl-atream,  the  excretion  of  urea  is  correspondingly  raised. 

Tiie  transformation  of  ar^^nine  into  urea  is  a  subject  on  which  we 
hivo  more  accurate  information  than  in  the  case  of  any  other  amino- 
acids,  fur  thoni  is  no  doubt  that  tlie  change,  which  can  be  brought 
alKJUt  in  a  test-tube,  is  also  accomplished  in  the  organism.  If  the 
tttxjount  of  arginine  given  on  p.  401  is  referred  to,  it  will  be  seen  to 
consist  of  a  urea  radical  and  a  sul>stance  called  ornithine.  On 
liydrolysis  we  thoreforo  get  urea  and  ornithine  (di-amino-valeric 
at3id),  and  this  in  the  iiody  is  accomplished  by  a  special  enzjTue 
called  ajynr^i^^  (Kossel  and  Dakiu)  which  is  more  abundant  in*  the 
livor  than  in  any  other  tissue.  The  actual  yield  of  urea  is,  however, 
creator  thau  one  would  anticipate,  and  so  it  must  he  supposed  that  i 
tho  oruiLhine  in  its  turn  is  broken  up  and  urea  is  the  result.  If  wel 
gbiiico  lit  tlio  formula  of  ornithine,  and  compare  it  with  that  of  certain 
otiier  iimiuomciils  which  are  also  undoubted  urea  forerunners,  we 
have  the  foUowiug: — 
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In  all  cases,  the  atoms  of  carbon  are  more  numerous  than  tliose  of 
nitrogen.  In  nraa  (CON^HJ  the  reverse  is  the  case.  The  amino- 
acids  must  therefore  be  split  into  simpler  compounds  which  unite 
with  one  another  t4i  form  urea.  Urea  formation  is  thus,  in  part, 
synthetic  Those  simpler  compounds  are  ammonium  salta  Schroder's 
work,  which  lias  boou  conlinneJ  by  subsequent  investigators,  proves 
tliat  ammouiuui  carbonate  is  one  of  the  urea  precursors,  if  not  the 
principal  one  The  e<]uation  which  represents  the  reaction  is  as 
follows : — 

(NH0£O.  =   COS^H.  .  3H.O. 

Sehrikler's  principal  experiment  was  this:  a  mixture  of  blood  and 
ammiuiium  carbanate  was  injected  into  the  liver  by  the  portal  vBm; 
the  bkxxi  leaving  the  liirer  bj  the  hepatic  rmn  was  found  to  contain 
urea  in  graat  abundance.  This  does  not  occur  when  the  same  experi- 
meal  ia  performed   with   any  other  organ  of   the  bodj«  ec 
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Schroder's  experiments  also  prove  the  great  importance  of  the  liver 
in  urea  formation.  Similar  results  were  obtained  bj  Neneki  with 
ammonium  carbamate. 

The  importance  of  ammonia  is  accentuated  when  we  remember 
that  ammonia  is  one  of  the  products  of  pancreatic  digestion,  and 
probably  also  of  endogenous  protein  metabolism.  The  ammonia, 
whether  it  is  formed  directly  or  through  the  intermediate  stage  of 
amino-acid,  will  combine  with  the  carbonic  acid  of  the  blood  to  form 
ammonium  carbonate  or  carbamate,  and  the  following  structural 
formulae  exhibit  the  close  relationship  between  these  substances  and 
urea.  The  loss  of  one  molecule  of  water  from  ammonium  carlnmate 
produces  ammonium  carbamate;  the  loss  of  a  second  molecule  of 
water  produces  urea— 


"  =  C\O.NH, 


[Ammoniliiro  carbamate.] 
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Urea  is  absent,  or  nearly  bo,  from  the  muscles,  and  its  place  there 
is  taken  by  the  substance  called  creatine.  This  substance,  however, 
is  eliminated  not  as  urea  but  as  creatinine.  The  fact  that  muscular 
work  does  not  appreciably  increase  protein  kataboHsm  is  intelligible, 
when,  in  light  of  recently  acquired  knowledge,  we  realise  that  protein 
katabolism,  in  so  far  as  its  nitrogen  is  concerned,  is  independent  of 
the  oxidations  which  give  rise  to  heat,  or  to  the  energy  which  is 
converted  into  work.  Whether  severe  work  will  have  any  effect  on 
the  endogenous  protein  metabolism  of  muscle  cannot  be  shown  by 
investigating  urea  excretion ;  determinations  of  creatinine  are  more 
likely  to  yield  satisfactory  results  in  the  study  of  tliis  question  (see 
Creatinine). 

f^r^Fmia.— The  older  authors  considered  that  urea  w&s  formed  in  the  kidneys, 

i'ust  as  they  oho  erroneously  thought  that  carlKiTiie  acid  was  formed  in  the  1  unfits. 
*r6vost  and  Dumas  were  the  first  to  show  that  after  complete  extirpation  of  llie 
kidneys  the  formation  of  urea  goes  on «  and  that  it  accumulates  in  ike  blood  and 
tts-^ues.  Similarly,  in  those  cases  of  disea^^e  in  which  the  kidneys  cc&se  work,  urea 
is  stilt  formed  and  accumulatetj.  This  condition  is  called  urfi^mia^  and  unless  the 
products  of  nitrogenous  breakdown  be  discharged  from  the  body  the  patient  dies 
in  a  condition  of  coma  preceded  by  convulsions. 

This  term  was  originally  applied  on  the  erroneous  supposition  that  it  is  urea  or 
some  antecedent  of  urea  which  acts  as  the  poison.  There  is  no  doubt  that  the 
poison  is  not  any  constituent  of  normal  urine ;  if  the  kidneys  of  an  animal  are 
extirpated^  the  animal  dies  in  a  few  days*  but  there  are  no  symptonxs  of  unemia. 
In  man,  also.  If  the  kidnevs  are  healthy,  or  approximately  so«  &nd  suppression  of 
urine  occurs  from  the  simultaneous  blocking  of  both  renal  arteries  by  clot,  or  of  both 
ureters  by  atones,  jigain  una&mia  does  not  follow.  On  the  other  hand,  ursemia  may 
occur  even  while  a  patient  with  diseased  kidneys  is  passing  a  considerable  amount 
of  urine.  What  the  poison  is  Ihitt  is  responsible  for  the  convulsions  and  eoma.  Is 
unknown.  It  in  diiufiKesN  .some  abnormal  katabolic  pmdiiet,  but  whether  this  is 
produced  by  the  diseased  kidney  cells i  or  in  some  other  part  of  the  body*  is  also 
unknown. 
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Cm  IB  diaboles),  « 
I  or  injeGted  into  lb 
p^  jiiolqpsBl  mnedy, 
™i«^  Uader  nannal 
bab^  fin^  J  conirerted 
ittto  Ihe  hm  toade  wmbmMam  nzea,  wliicii  the  kidMji  mm^j  excTBta 
The  defsDee  of  the  ggMtiim  igeiaii  acids  wbieh  ate  rmj  loodc,  is  an 
bi0«iee  of  amzDonia  formaliaa,  or,  to  pat  it  moie  eomaetl j,  len  of 
the  anuDoma  fornied  is  om^erled  mto  Qzea. 

Viider  the  opposite  emaditiniiiv  namelj.  Qzofiee  of  alkali,  either  in 
food  or  given  aa  each,  the  aianifwiia  diaappeais  ftoaii  the  tmne,  all 
being  converted  into  ttrea.    Hence  the  diniiiiiition  of  ammonm  in  the 
niine  of  man  on  a  vegetable  diet^anil  its  abeence  in  tha  urine 
herbivoroufl  J^tiimAla. 

Not  only  is  this  the  case,  but  if  ammommn  chloride  is  given  to 
liorbivoroas  animal  ^uch  as  a  rabbit,  the  urinary  ammonia  is  but  little 
increased.     It  r^ts  with  sodium  carbonate  in  the  tissues,  fonniDg^ri 
amtnoniiuu  carboiute  (which  is  excreted  as  urea)  and  sodium  cMorid^H 
Herbivora  also  suffer  much  more  from,  and  are  more  easU}'  killed  by, 
acids  than  camivora,  their  organisation  not  permittiiig  a  ready  supply 
of  ammonia  to  neutralise  excess  of  acids. 


CraatLnine. 

The  creatiiiine  of  the  urine  is,  next  to  urea,  its  most  abundant 
nitrogonuuB  constituent.  It  origiiiates  from  the  substance  known  as 
cnifttLiio,  and  croatine  is  in  muscle  the  principal  representative  of 
niLrog*3fiou»  katabolism. 

Oroatiue,  like  arginine,  contains  a  urea  radical,  and  by  boilinia 
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with  Imryta  it  apHts  into  urea  and  sarooeme  (or  methyl -glycine),  as 

Bhown  in  the  following  equation : — 

C^HgN/)^   +    H,0   =   CON.H,   +   C^H^NO.. 

[CmUne.]  [Wmtor,]  [Uim.]  [Hnncosinii.f 

The  same  decompoEition  is  shown  graphically  on  p.  40  L 
Here  we  have  an  inatance  of  a  reaction  which  occurs  in  vitro,  but 
which  is  not  carried  out  in  invo.  There  is  no  evidence  that  creatine 
in  the  living  body  is  a  precursor  of  urea.  Indeed,  all  the  evidence 
points  the  other  way,  for  if  creatine  is  given  to  an  animal  either  by 
the  mouth,  or  injected  into  the  blood-atream,  there  is  no  increase  in 
the  urea  of  the  urine.  Whether  creatinine  (C^H^NaO,  that  is  creatine 
minus  water)  is  increased  under  such  conditions  is  also  extremely 
doubtful,  unless  creatine  is  given  in  very  large  amounts.  Even  then 
the  rise  in  creatinine  is  insigniiicant,  and  a  good  deal  of  the  creatine 
IB  excreted  as  such.  If  only  small  amounts  of  creatine  are  given, 
they  are  retained  in  the  body.  Creatinine  thus  appears  to  be  a  sub- 
stance of  almost  wholly  endogenous  origin  (Foiin).  Its  amount 
varies  somewhat  in  different  individuals  and  animala,  but  is  remark- 
ably constant  in  the  same  individual  or  the  same  animal,  whatever 
be  the  diet.  Under  ordinary  circumstances  also,  it  is  not  increased 
by  muscular  work,  but  if  the  work  is  excessivei  and  especially  if  the 
muscle  is  not  receiving  a  due  supply  of  carbohydrate  and  fatty  food, 
which  are  the  normal  soiu-ces  of  muscular  energy,  the  amount  excreted 
increases,  showing  that  under  such  circumstances  there  is  a  per- 
ceptible increase  in  the  endogenous  protein  katabolism. 


Urle  Acid, 

ITpIc  Acid  (C^NiHiOj)  is,  in  mammals,  the  medium  by  which  a 
very  small  quantity  of  nitrogen  is  excreted  from  the  body.  It  is, 
however,  in  birds  and  some  reptiles  the  principal  nitrogenous  con- 
stituent of  their  urine.  It  is  not  present  in  the  free  state,  but  is 
combined  with  bases  to  form  urates. 

It  may  be  obtained  from  human  urine  by  adding  5  c.c,  of  hydro- 
chloric acid  to  100  c.c.  of  the  urine,  and  allowing  the  mixture  to 
stand  for  twelve  to  twenty-four  hours.  The  crystals  which  form  are 
deeply  tinged  with  urinary  pigment,  and  though  by  repeated  solution 
in  caustic  soda  or  potash,  and  precipitation  by  hydroeblorio  acid, 
they  may  be  obtained  fairly  free  from  pigment,  pure  uric  acid  is  more 
readily  obtained  from  the  solid  urine  of  a  serpent  or  bird,  which 
consists  principally  of  the  acid  ammonium  urata  This  is  dissolved 
in  soda,  and  then  the  addition  of  hydrochloric  acid  produces  as  lief  or© 
the  crystallisation  of  uric  acid  from  the  solution. 
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The  pure  acid  cT^rstaiUaes  in  coloorlesa  rectangular  plates  or 
prisms.  In  striking  contrast  to  urea  it  is  a  most  insoluble  subfiUmoe. 
requiring  for  its  solution  1900  parts  of  hot  and  15,000  parts  of  coU 
water.  The  fomis  which  uric  acid  aseumoB  when  precipitated  ftm 
human  urine,  either  by  the  addition  of  hydrochloric  acid  or  in  certaia 
pathological  processes,  are  very  various,  the  most  frequent  bdng  the 
whetstone  shape;  there  are  also  bundles  of  crystals  resemhliBg 
sheaves,  barrels,  and  dumb-bells  (see  fig.  429), 

The  mur^ande  test  is  the  principal  test  for  uric  acicL  The  tail 
has  received  the  name  on  account  of  the  resemblance  of  the  colour 
to  the  purple  of  the  ancients,  which  was  obtained  from  certain  sndh 
of  the  genus  Murex.  It  is  performed  as  follows:  place  a  little  uric 
acid  or  a  urate  in  a  capsule;  add  a  little  dilute  nitric  acid  ami 
evaporate  to  drynesa     A  yellowish-red  residue  is  left.     Add  a  little 

ammonia  carefully,  and  the  residue 
turns  violet;  this  is  due  to  the  fonna- 
tion  of  purpurate  of  ammouia.  On  the 
addition  of  potash  the  colour  beooizies 
bluer. 

Another  reaction  that  urio  acid  un- 
dergoes (though  it  is  not  applicable  m 
a  test)  isp  that  on  treatment  witli 
certain  oxidising  reagents  urea  and 
oxalic  acid  can  be  obtained  from 
it.  Alloxan  (C^I[.^X>^)  or  allantoin 
(C^H^N^Os)  are  intermediate  producta 
It  is,  however,  doubtful  whether  a 
similar  oxidation  occurs  in  the  normal 
metabolic  processes  of  the  body. 
Uric  acid  is  dil>asic,  and  thus  there  are  two  classes  of  lu'ates — 
the  normal  urates  and  the  acid  urates,  A  normal  urate  is  one  in 
which  two  atoms  of  the  hydrogen  are  replaced  by  two  of  a  monad 
metal  like  sodium ;  an  acid  urate  is  one  in  which  only  one  atom  of 
hydrogen  is  thus  replaced.     The  formulae  would  be — 

C^H^N^Og  —    uric  acid 
OfiHjjNE^^Og  —  acid  sodium  urate, 
OgH^Na^NjO^  =   normal  sodiimi  urata 

The  acid  sodium  urate  is  the  chief  constituent  of  the  pinkish  deposit 
of  urates,  which  often  occurs  in  urine,  and  is  called  the  kUertttmis 
deposit 

If  uric  acid  is  represented  hj  RjlJ,  the  normal  urates  may  be  represented  by 
M^U,  and  the  acid  umtes  by  MHU,  Bmt^  Jones,  and  later  Sir  W,  EoberU. 
considered  that  the  urates  actually  oceurringr  ^n  urine  are  what  are  termed  quadrl- 
uiates  MHU,H,jU,  There  is  much  doubt  whether  such  compounds  really  exist ;  if 
they  do,  they  are  readily  decomposed  into  arid  urate,  MHU,  and  free  uric  ftt*id,  H^U,, 


Fta.  43^.— Vadaua  fomui  or  uric  iicid 
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The  quantity  of  uric  acid  excreted  by  an  adult  varieB  from  7  to 
10  grains  (0^5  to  075  gramme)  daily. 

The  best  methcxl  for  determining  the  quantity  of  uric  acid  in 
the  urine  is  that  of  Hopkins.  Ammonium  chloride  in  cryatals  is 
added  to  the  urine  untO  no  more  will  dissolve.  This  saturation 
completely  precipitates  all  the  uric  acid  in  the  form  of  ammonium 
urate.  After  standing  for  two  hours  the  precipitate  is  collected  on 
a  filter,  washed  with  saturated  solution  of  ammonium  chloride,  and 
then  dissolred  in  weak  alkali  From  this  solution  the  uric  acid  is 
precipitated  by  neutralising  with  hydrochloric  acid.  The  precipitate 
of  uric  acid  is  collected  on  a  weighed  filter,  dried,  and  weighed;  or 
the  crystals  may  be  dissolved  in  sodium  carbonate  solution,  and 
titrated  with  standard  solution  of  potassium  permanganatCi  until  a 
diETused  pink  flush  appears  throughout  the  solution. 

Origin  of  TJrlc  Acld,«^Uric  acid  is  not  made  by  the  kidneys ; 
when  these  organs  are  removed,  uric  acid  continues  to  be  formed, 
and  accumulates  in  the  organs,  especially  in  the  liver  and  the  spleen. 
After  extirpation  of  the  liver  in  birds  (in  which  animals  uric  acid  is 
such  an  important  katabolite),  the  formation  of  uric  acid  practically 
ceases,  and  its  place  is  taken  by  ammonia  and  lactic  acid,  and  the 
cooclusion  is  therefore  drawn  that  in  these  animals,  ammonia  and 
Lactic  acid  are  normally  synthesised  in  the  liver  to  form  uric  acid. 

But  in  mammalsj  this  is  not  the  history  of  uric  acid  formation ; 
in  these  animals,  including  man,  uric  acid  is  the  end  product  of  the 
metabolism  of  nnclein,  from  the  bases  of  which  it  arises  by  oxidation. 

Nuclein,  the  main  constituent  of  the  nuclei  of  cells  (see  p.  412), 
yields,  on  decomposition,  certain  products  called  ^.nw-g  siibstauceSi 
and  their  close  relationship  to  uric  acid  is  shown  by  their  formulae: — 


Purine    .        ,        i        .         . 

{  HypoxaQ thine  (monoxypurtne) 
Purine  bases  J  Xa'.thme{dioxy  purine) 


\  Adenine  (amino-purine) 
Gu&uine  (Amino-oxypurine) 
Uric  acid  (trioxjp  urine) 


C,H,N, 


Juefc  as  tlie  ordinary  protein  metabolism  is  both  exogenous  and 

endogenous,  so  is  it  the  case  with  nuclciu  metabolism.  There  are 
certain  kinds  of  food  (such  as  liver  and  sweetbread)  which  are  rich 
in  nuclei,  and  others,  such  as  meat,  which  are  rich  is  purine  bases 
(especially  hypoxanthine).  The  increase  in  uric  acid  excretion  after 
partaking  of  such  food  is  exogenous ,  and  those  liable  to  uric  acid 
disorders  should  avoid  such  articles  of  diet.  Other  forms  of  diet 
lead  to  an  increase  in  uric  acid  formation  by  increasing  the  number 
of  leucocytes  ui  the  blood,  and  there  is  a  consequent  increase  in  the 
metabolism  of  their  nuclei.  Increase  in  leucocytes  may  occur,  how- 
eveTj  independently  of  diet,  and  in  the  disease  known  as  hwcocy- 
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thmmia,  this  occurs  to  a  marked  degree;   in  such  cases  uric   acid 

formation  increases.  Althongh  special  attention  has  been  directed 
to  the  nuclei  of  leucoeyleB  because  these  can  readily  be  examined 
during  life,  it  must  be  remembered  that  the  nuclein  metabolism  of 
all  cells  tjiay  contribute  to  uric  acid  formation.  Uric  acid,  which 
originatea  by  metabolism,  is  spoken  of  as  endotjmtmis. 

We  must  next  consider  the  mechanism  by  which  the  tissue  cells 
form  uric  acid  from  nuclein.  This  question  is  not  only  of  interest 
in  itself,  but  also  because  it  illustrates  a  general  truth  concerning 
the  importance  of  the  tissue  enzymes.  The  ferment  of  the  liver 
which  turns  glycogen  into  sugar  is  the  oldest  known  example  of 
these;  in  more  recent  times,  the  importance  of  tissue  erepsins 
(see  p.  531)  and  arginase  (see  p.  568)  has  been  recognised.  In  uric 
acid  formation,  we  have  the  very  striking  example  of  the  action  of 
a  succesmon  of  enzymes;  these  have  been  studied  in  the  eittracts  of 
different  organs,  and  their  distribution  varies  a  good  detil;  speaking 
generally,  however,  they  appear  to  be  most  abundant  in  spleen  and 
liver.  The  first  of  these  is  called  nuchas^  \  this  liberates  the  purine 
bases  from  nuclein.  The  next  to  come  into  play  are  certain  de* 
amidising  ferments;  one  of  these,  called  admcm,  ^i\Y%it%  adenine 
into  hypoxantliinc,  and  another,  called  guanme,  converts  guanine 
into  xanthine.  Finally »  oxidmm  step  in,  which  convert  hypoxan- 
thine  into  xanthine,  and  xanthine  into  uric  acid.  But  even  that 
does  uot  bring  the  list  to  a  conclusion,  for  in  many  organs  there  is 
a  capacity  to  destroy  uric  acid  after  it  is  formed,  and  so  we  are 
protected  from  a  too  great  accumulation  of  this  substance.  What 
exactly  happens  to  the  uric  acid  is  not  certain,  although  it  is  clear 
that  the  products  of  its  breakdown  are  not  so  harmful  as  uric  aoid 
itself.  The  ferment  responsible  for  uric  acid  destruction  is  called 
the  uricolyiic  ferment.  The  uric  acid  which  ultimately  eacapea  as 
urates  (normally)  in  the  urine  is  the  undestroyed  residua 

In  gout  and  allied  disorders  there  may  be  increased  formation  of 
uric  acid,  or  a  smaller  amount  of  that  formed  may  be  destroyed; 
the  excess  may  pass  into  the  urine,  partly  as  free  uric  acid  or  excess 
of  urates,  and  so  there  is  a  liability  to  concretions  (calculi,  gravel, 
etc.)^  forming  in  the  kidney  or  bladder.  There  is  also  a  tendency 
to  the  deposition  of  urates  in  certain  parts,  and  the  joint  cartilages 
in  particular  are  liable  to  these  concretions.  The  uric  acid  diathesis 
is,  however,  much  too  large  a  subject  to  treat  in  a  physiological  text- 
book, and  medical  students,  when  they  come  to  the  study  of 
pathology,  will  discover  that  many  views  are  held  in  relation  to  it 

Hippuric  Acid. 

Hippurlc  Acid  (C^H^NOa)!  combined  with  bases  to  form  hip* 
purates,  is  present  in  small  quantities  in  human  urine,  but  in  large 
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quantities  in  the  urine  of  herbivora.  This  is  due  to  the  food  of 
herbivora  containing  subatances  belonging  to  the  aromatic  group — 
the  benzoic  acid  series.  If  benzoic  acid  is  given  to  a  man,  it  unites 
with  glycine  with  the  elimination  of  a  molecule  of  water»  and  is 
axorebed  as  hippuric  acid — 

CH^.NH.    CH.,NH,CO.CgHjj 

+  !  '=  I    *  + 

COOH         COOH 

This  is  a  well-marked  inatanca  of  synthesis  carried  out  in  the 
animal  body,  and  experimental  investigation  shows  that  it  is  accom- 
plished by  the  living  cells  of  the  kid- 
ney itaelf ;  for  if  a  mixture  of  glycine, 
benzoic  acid,  and  blood  is  injectetl 
through  the  kidney  (or  mixed  with  n 
minced  kidney  just  removed  from  the 
body  of  an  animal),  their  place  is  found 
to  Imve  been  taken  I:*y  hippuric  acid. 


The  Inorganic  Constituents  of 
Uidne, 

The  inorganic  or  mineral  constitu- 
ents   of    urine    are  chiefly  chlorides, 

phosphates,  sulphates,  and  carbonates;        Fid.4so,^cry8uiii  or  hippuric  acy. 
the  metala   with  which    these  are  in 

combination  are  sodium,  potassium,  ammonium,  calcium,  and  mag- 
nesiunL  The  total  amount  of  these  salts  varies  from  19  to  25 
grammes  daily.  The  most  abtmdant  is  sodium  chloride,  which 
averages  in  amount  10  to  16  grammes  per  diem.  These  substances 
are  derived  from  two  sources — first  from  the  food,  and  secondly  as 
the  result  of  metabohc  processes.  The  chlorides  and  most  of  the 
phosphates  come  from  the  food ;  the  sulphates  and  some  of  the  phos- 
phates, as  a  result  of  metaboHsm. 

Chlorides.— The  chief  chloride  is  that  of  sodium.  The  ingestion 
of  sodium  chloride  is  followed  by  its  appearance  in  the  urine,  some 
on  the  same  day,  some  on  the  next  day.  Some  is  decomposed  to  form 
the  hydrochloric  acid  of  the  gastric  juice.  The  salt,  in  passing 
through  the  body,  fulfils  the  ireful  office  of  stimulating  metabolism 
and  secretion. 

Sulphates. ^The  sulphates  in  the  urine  are  principally  those  of 
potassium  and  sodium.  Only  the  smallest  trace  enters  the  body  with 
|bd  food.  Sulphates  have  an  unpleasant  bitter  taste  (for  instance, 
isom  salts):  hence  we  do  not  take  food  that  contains  them.  The 
sulphates  vary  in  amount  from  1*5  to  3  grammes  daily. 


They  are  derived  from   the  metabolism    of   proteuis,  tod  Ik 

excretion  of  Hulpbateo,  though  it  occttfs  earlier  than  ihii  of  lum 

rutts  parallel   with   it    The  sulphates  aiB  therefore  like  iirei  tb 

I  result  of  axog*?iiDUB  protein  metatwlisuu     The  sulphur  of  the  proka 

^wbJch  is  endogeooualy  katabolised,  is  not  converted  into  oplimn 

aulphatea  to  any  great  eEtent,  but  reappears  in  the  orme  parti? « 

ethereal  sulphates,  and  partly  in  the  form  of  eertatii  obecuie  ki 

not  fully  oxtthaed  sulphur  compounds,  and  is   usually  spoken  of  n 

.muiral  sulphur. 

The  ethereal  sulphates  just  mentioned  form  about  a  tenth  of  tl» 

total  sulphatea    They  are  combinations   of    sulphuric  add  widi 

orj^anio  radtoals,  and  the  greater  part  of  them  originate  from  mm- 

factivo  changee   in   the  intestina      The  chief    of     these    etberea! 

|iulphates  are  phenyl  sulphate  of  potaasimn  and  indoxyl  sulphate  of 

'potasBtuin.     The  latter  originateB  from  the  indole    formed    in  ih« 

mtestine,  and  as  it  yields  indigo  when  treated  with  certain  raagnite 

it  is  sometifues  called  indican.     It  is  very  important  to  remember 

that  the  indican  of  urine  is  not  the  same  thing  as  the  indicaa  til 

tilantai  which  is  a  glueosida     Both  yield  indigo,  but  there  the  lesem- 

illanoe  oeasea 

The   formation  of  these  sulphates  is  somewhat  important  *  Ihe 
aroniatifj    substances    liberated    by   putrefactive    processes    in     ' 
inUiwtino  are  poisonous,  but  their  conversion  into  ethereal  snlpb 
rtuidors  them  hariQless. 

iPhfUiolJ  LPutuiilum  [PotuMium  LWAter.j 


LPutuiilum 

lUlptlAttiJ 


[PotuMium 
phBny)*gu1pluite.  ] 


(n4ol«4C|KfN)  on  /ibiOfj>tbn  Is  converted  into  indox^l  i — 
P  „      C.OH  :  CH 

The  equiiilon  rcpreicnUtig  the  formation  of  potassium  indoxyl-sulphate  is  as  i 

titMlDxyl.l  tl^tudum  tfotAAslmn  I  Walter.] 

hydrogtiti  Itidoxyl-tulfiljiUi.) 

■ulpliftt49.] 


I, — CarlHjnates  and  bicarbonates  of  sodium,  calcium, 
tSiglliitltllli  and  ammonium  are  only  present  in  alkaline  urine. 
Thov  arise  from  the  carbonates  of  the  food,  or  from  vegetable  acids 
(malic,  tartArlC}  etc.)  in  the  food.  They  are,  therefore,  found  in  the 
urim^  *>f  horbivora  and  vegetarians^  whose  urine  is  thus  rendered 
alknlinei.     Urine  oontaining  carbonates  becomes,  like  saliva,  cloudy 
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on  standing,  the  precipitate  consisting  of  ealcium  carbonate,  and 
also  phosphates. 

Phosphates, — Two  clasBes  of  phosphates  occur  in  normal  urine : — 

(1)  Alkaline  phosphates — that  ia,  phosphates  of  sodium  (abundant) 
and  potassium  (scanty), 

(2)  Earthy  phosphates — that  is,  phosphates  of  calcium  (abundant) 
and  magnesium  (scanty). 

The  composition  of  the  phosphates  in  urine  is  liable  to  variation. 
In  acid  urine  the  acidity  is  due  to  the  acid  salts.  These  are 
chiefly : — 

Sodium  dihydrogen  phosphate,  KaH,^POi,  and  calcium  dihydrogen 
phosphate,  CaCH^POJ^- 

In  neutral  urine,  in  addition,  diaodium  hydrogen  phosphate 
(Na^HPOJ,  calcium  hydrogen  phosphate,  CaHPO^,  and  magnesium 


QratA  of  AmmoQlnm,  fttiin  iiTinii  wliL^h 


Fm.  432.— Hneat  d«po9tt«cl  ftom  iirlDo. 


hydrogen  phosphate,  MgHPO|,  are  found.  In  alkaline  urine  there 
may  be  instead  of,  or  in  addition  to,  the  above,  the  normal  phosphates 
of  sodium,  calcium,  and  m^nesium  [NaaPO^,  CagCPO^)^,  Mg3(P0()J. 

The  earthy  phosphates  are  precipitated  by  rendering  the  urine 
alkaline  by  ammonia.  In  decomposing  urine,  ammonia  is  formed 
from  the  urea:  this  also  precipitates  the  earthy  phosphates.  The 
phosphates  most  frequently  found  in  the  white  creamy  precipitate 
which  occurs  in  decomposing  urine  are : — 

(1)  Triple  phosphate  or  ammonio  -  magnesium  phosphate 
(NH^MgPO^-f  6H2O).  This  crystallises  in  ^'coffin-lid  "  crystals  (see 
fig.  431)  or  feathery  stars, 

(2)  Stellar  phosphatep  or  calcium  phosphate;  this  crystallises  in 
star-like  clusters  of  prisms. 

As  a  rule  normal  urine  gives  no  precipitate  when  it  is  boiled ; 
but  sometimes  neutral,  alkaline,  and  occasionally  faintly  acid  urinee 

2  O 
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give  a  precipitate  of  nalciuiD  phosphate  when  boiled :  this  precipitatd 
is  aiDorphoufl,  and  is  liable  to  be  mistaken  for  albuinin.  It  may  be 
distinguished  readily  from  albumin,  as  it  is  soluble  in  a  few  drops  of 
acetic  acid,  whereas  coagulated  protein  does  not  dissolve. 

The  phosphoric  acid  in  the  urine  chiefly  originates  from  the  phoe- 
phates  of  the  food,  but  is  partly  a  decomposition  product  of  the  phoa- 
phorised  organic  materials  in  the  body,  such  as  lecithin  and  nucledn. 
The  amount  of  P^O^  in  the  twenty -four  hours'  urine  varies  from  2*5 
to  3'5  grammes,  of  which  the  earthy  phosphates  contain  about  half 
(1  to  1-5  gr.> 

Teets  for  the  Isorg^tnlc  Salts  of  Urine. 

CJA/orviiiw,*^ Acidulate  with  nitric  acid  and  add  silver  nitrate  ;  a  white  precipitate 
of  stiver  chloride,  soluble  in  ammonia,  is  prodtit-ed.  The  object  of  {tcidutating  wfth 
nitric  acid  is  to  prevent  phosphates  being-  precipitated  by  the  silver  nitrate. 

Salphatejf, ^Acldnl&ie  with  hydrochloric  acid,  and  add  barium  thloridc.  A 
white  precipitate  of  barium  sulphate  in  prcKluced*  Hydrochloric  acid  is  again  added 
first,  to  prevent  precipitation  of  phosphates^ 

Pimsphijtfs.  ~\,  Add  ammonia ;  a  white  crystalline  precipitate  of  earthy  (that 
is,  calcium  and  magnesium  J  phosphates  is  produced.  This  becomes  more  apparent 
on  standi n|^.  The  alkaline  (that  is,  sodium  and  potassium)  phosphates  remain  in 
solution.  11.  Mix  another  portion  of  urine  with  half  its  volume  oi  nitric  acid ;  add 
atnnionium  molvbdate,  ancE  boil  A  yellow  crystalline  pr^ipitate  falls.  This  test  ia 
given  by  both  clasps  of  phosphates^ 

QfiitiitkaltrH  rjtUmatimt  of  the  salts  is  accomplished  by  the  use  of  solutions  of 
standard  fttrengitu  which  arc  run  into  the  urine  till  the  ft>rmation  of  a  precipitate 
ceases.  The  stmdards  are  made  of  silver  nitrate,  Iwirium  chloride,  and  uranium 
nitrate  or  acetate  for  chlorides,  sulphntcst  and  phosphates  respectively. 


tJrinary  Deposits, 

The  different  substances  that  may  occur  in  uriaary  deposits  are 
formed  elements  and  chemical  substances. 

The  formed  or  anatotnical  elements  may  consist  of  blood 
corpuscleSi  pus^  mucus,  epithelium  cells,  spermatozoa,  casts  of  the 
urinary  tubules,  fungi,  and  entozoa.  All  of  these,  with  the  exception 
of  a  small  quantity  of  mucus,  which  forms  a  flocculent  cloud  in  the 
urine,  are  pathological,  and  the  microscope  is  chiefly  employed  in 
their  detection. 

The  chemical  eubstances  are  uric  acid,  urates,  calcium  oxalate, 
calcium  carbonate,  and  phosphates.  Barer  forms  are  leucine,  tyrosine, 
xanthine,  and  cystin.  We  shall,  however,  here  only  consider  the 
commoner  deposits,  and  for  their  identification  the  microscope  and 
chemical  tests  muat  both  be  em  ployed  > 

Deposit  of  Uric  Acid.— This  is  a  sandy  reddish  deposit  resembling 
cayenne  pepper.  It  may  be  recognised  by  its  crystalline  form  (fig. 
429,  p.  672)  and  the  murexide  reaction.  The  presence  of  these 
crystals  generally  indicates  an  increased  formation  of  uric  acid,  and, 
if  excessive,  may  lead  to  the  formation  of  stones  or  caletdl  in  the 
bladder. 
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Deposit  of  Urates. — This  is  much  commoner,  and  may^  if  the 
urine  is  concentrated,  occur  in  normal  urine  when  it  cools.  It  is 
generally  founil  in  the  concentrated  urine  of  fevers;  and  there 
appears  to  be  a  kind  of  fermentation,  called  the  acid  fermentation, 
which  occurs  in  the  urine  after  it  has  been  passed,  and  wliich  leads 
to  the  same  result.  The  chief  constituent  of  the  deposit  is  the  acid 
sodium  urate,  the  formation  of  which  from  the  normal  sodium  urate 
of  the  urine  may  be  represented  by  the  equation : — 


urate.  I 


+   H,0   + 

acid  J 


CO.,   -    2CH„NaN^03 

Athoa  Ic       t  Afl  Id  sodiuiij  nT«te .  ] 
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This  deposit  may  be  recognised  as  follows : — 

(1)  It  has  a  pinkish  colour;  the  pigment  called  nra-erythrin  is  one 
of  the  pigments  of  the  urine,  but  its  relationship  to  the  other  urinary 
pigments  is  not  known. 

(2)  It  dissolves  upon  warming  the  xirina 

(3)  Microscopically  it  is  usually  amorphoua,  but  crystalline  forms 
similar  to  those  depicted  in  fig,  431  may  occur.  Crystals  of  calciuru 
oxalate  may  be  mixed  with  this  deposit  (sea  fig.  433), 


Fi9.  'tBS.-^Ci^yfttftln  of  ctldiim  o^xmlnte. 
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Deposit  of  Oalcluiti  Oxalate. ^ — This  occurs  in  envelope  crystals 
(octaliedra)  or  dinub-l^ella.  It  is  insoluble  in  ammonia,  and  in  acetic 
acid.     It  is  soluble  w^ith  difficulty  in  hydrocliloric  acid 

Deposit  of  Cystln.— Cystin  (CfjHjgNaS^O^)  is  recognised  by  its 
colourless  six-sided  crystals  (fig.  434).  These  are  rare:  they  occur 
only  in  acid  urine,  and  they  may  form  concretions  or  calculi. 
Cystinuria  (cystin  in  the  urine)  is  hereditary. 

Deposit  of  Phosphates. — These  occur  in  alkaline  urine.  The 
urine  may  be  alkaline  when  passed,  due  to  fermentative  changes 
occurring  in  the  bladder.  All  urine,  however,  if  exposed  to  the  air 
(unless  the  air  is  perfectly  pure,  as  on  the  top  of  a  snow  moimtaiii). 
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Will  in  time  become  alkaline,  owing  to  the  growth  of  the  microeoecus 
urem.     This  fonna  ammonium  carbonate  from  the  iirea. 


GON„H. 


2HjO   =   (NHJ.,C03. 


The  ammonia  rendera  the  urine  alkaline  and  precipitates  the 
o;irthy  phosphates.  The  chief  forms  of  phosphates  that  occiir  in 
urinary  deposits  are — 

(1)  Calcium  phosphate,  Ca3(P0J2;  amorphous. 

(2)  Triple  or  ammonio-magQesinm  phosphate,  MgNH^PO^ ;  coffin- 
lids  and  feathery  stars  (fig.  431). 

(3)  Crystalline  phosphate  of  cakimii,  CaHPOi.  in  roaettaa  of 
prisms,  in  spherules,  or  in  dumb-bells. 

(4)  Magnesium  phosphate,  Mg3(PO^)2  +  22H20,  occurs  oeoasion- 
ally,  and  crystallises  in  long  plates. 

All  these  phosphates  are  dissolved  by  acids,  such  as  acetic  acid, 
without  effervescence. 

A  solution  of  ammonium  carbonate  (1  in  5)  eats  magnesium 
phosphate  away  at  the  edges ;  it  has  no  effect  on  the  triple  phosphate. 
A  phosphate  of  calcium  (CaHP04  +  2H^O)  may  occasionally  be 
deposited  in  acid  unne.  Pus  in  urine  is  apt  to  be  mistaken  for 
phosphates,  but  can  be  distinguished  by  the  microscopa 

Deposit  of  calcluni  carbonate,  CaCO^,  appears  but  rarely  as 
whitish  balls  or  biscuit-shaped  bodies.  It  is  commoner  in  the  mine 
of  herbivora.  It  dissolves  in  acetic  or  hydrochloric  acid,  with 
effervescence. 

The  following  is  a  summary  of  the  chemical  sediments  tlmt  may 
occur  in  urine : — 


CHEMICAL  SEDIMEHTS  IN   URINE, 


Iv  AcTD  Urine. 

Vrk  ^dii,— Whetstone,  dumb-beU, 
OF  shcaf-like  aggre^tions  of  cr)'st&ls 
deeply  tinged  by  plj^raent 

iUatfi}!. — Generally  amorphous.  The 
add  urate  of  sodium  and  or  ammonium 
may  sometimes  occur  in  sUir-shaped 
flusters  of  needles  or  spheroidal  clumps 
with  projecting  spines.  Tinged  bricic- 
red.     Soluble  on  warming. 

Oaf^ittm  Oital^te,  —  Octahedra,  so- 
ealled  envelope  crystals.  Insoluble  in 
acetif  add. 

C^jf^in.— Hexagonal  plates.     Hare. 

Lmtrimt  nnfi  Tyronrnf, — Rare, 

CaHPOi  +  2HaO.— Kafc 


In  AiJcAUNE  UmiKEi 

PhoMithates.  —  C&tcitim  phosphate* 
Ca/POJ.^    Amorphous. 

Triple  phosphate, 
MgNHjPO,  4    SH^O.       Coffin-lids    or 
fe^ithery  stars. 

Caleium  hydrogen   phosphate  * 
Cu  H  PO^.   Rosett^ »  spnerale&»  or  diusb* 
bells, 

Magn^ium  phosphat^^ 
Mg^POi),  +  22HoU.     Longplatea, 

All  the  ptieccding  are  soluble  »n  acetic 
acid  without  effervescence, 

Calrium  Cathonatf^  CaCOj.^ — Biscuit- 
shaped  crystals.  Soluble  in  acetic  acid 
witfi  effervescence, 

^  1  mmo  n  tu  m  Urafflt 
CsHsfNHJ^NA^   —  "Thorn*  apple  ^ 

Lgumru  amd  Jymf in^.  —  Very  i«r& 
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Pathological  Urink 

Under  this  head  we  shall  briefly  consider  only  those  abnormal 
constituents  which  are  most  frequently  met  with. 

Proteins. — There  is  no  protein  in  normal  urine,*  and  the  most 
common  cause  of  the  appearance  of  albumin  in  the  urine  ia  disease 
of  the  kidney  (Bright's  disease).  The  term  "al- 
bumin" is  the  one  used  by  clinical  observers. 
Properly  speaking,  it  ie  a  mixture  of  eerum  albumin 
and  serum  globulin.  Of  these,  serum  albumin  is 
usually  the  more  abundant.  Globulins,  and  especi- 
ally englobuMns,  have  probably  larger  molecules,  so 
escape  of  globulin  indicates  more  serious  damage  to 
the  renal  cells.  The  best  methods  of  testing  for 
and  estimating  the  protein  are  the  following:^ 

(a)  Boil  the  top  of  a  long  column  of  urine  in  a  test-tube. 
If  the  vame  is  a^id^  the  albumin  Is  coag^ulated.  If  tlie  quantity 
of  albumm  is  small,  the  cloudiness  prtjduced  is  readily  seen, 
as  the  unboiled  urine  below  it  is  cle^in  This  is  insoluble  in  a 
few  drops  of  at^etir  ncid^  and  so  may  be  distinguished  from 
phosphates.  If  the  urine  is  alkalinet  it  !>houJd  l>e lirst  rendered 
acid  mth  a  little  dilute  occtle  acid. 

(d)  Hdffr^n  Nilric-aM  ^»j(/,— Pour  some  of  the  urine  gently 
on  to  the  surface  of  some  nitric  acid  in  a  test-tube.  A  ring  of 
u  hit?  precipitate  oceurs  at  the  j  unction  of  the  two  liquids*  This 
test  is  usecl  for  small  quantities  of  albumin. 


{r\  Estimation  of  Athnmin   h\f  Eshat*li*if  Alfmminom^ter. — 
ttcns 
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Esbaehs  retigent  for  preotpitatlnf^  the   albumin   is  made   by 

diasoiTin|yf  10  grammes  of  pic-rir  acid  and  20  grammes  of  citric 

acid  in  SOO  or  ^0  cc.  of  boijing  water ^  and  then  adding  sufficient  water  to  make  up 

to  a  litre  (1000  c.c.> 

The  albuminometer  is  a  test-tube  graduated  as  shown  jn  fig.  435. 

Pour  the  urine  into  the  tube  up  to  the  mark  U  ;  then  the  reagent  up  to  the 
mark  R.  Close  the  tube  with  a  cork,  and  to  ensure  complete  mixture,  tilt  it  to  and 
fro  a  doeen  times  without  shaking.  Allow  the  corked  tube  to  stand  upright  twenty- 
four  hours  I  then  n*ad  off  on  the  senile  the  height  of  the  coagiilum.  The  figures  indi- 
cate grammes  of  dried  album tn  in  n  litre  of  urine.  The  percentage  is  obtained  by 
dividmg  by  iO,  Thus*  if  the  coagulum  j^tands  at  3,  the  amount  of  aibumio  is  3 
fffamroes  per  litre,  or  0*3  gr.  in  100  e.c.  If  the  sediment  falls  between  ruv  two 
ngurest  the  distance  J,  J,  or  ^  from  the  upper  or  lower  figure  oan  be  read  off  with 
sufficient  accural 'j.  Thus«  the  surface  of  the  sediment  being  midway  between  3  and 
4  would  be  read  as  3*5,  When  the  albumin  is  so  abundant  that  the  sediment  is 
abore  4.  a  more  accurate  result  is  obtiiincd  by  first  diluting  the  urine  with  one  or 
two  volumes  of  water,  and  then  multiplying  the  resulting  figure  by  2  or  3»  as  the 
case  njay  t)c.  Tf  the  amount  of  albitmin  is  less  than  *05  per  cent,  it  cannot  be 
accurately  estimated  by  this  method. 

A  condition  called  "  peptonuria/'  or  peptone  in  the  urine,  is 
observed  in  certain  pathological  stateSi  especiallj  in  diseases  where 

*  This  absolute  statement  is  true  for  all  practical  purposes.  Mdrnet*  however, 
has  stated  that  a  trace  of  protein  {serum  albumin  pins  the  protein  constituent  of 
mucin)  does  occur  in  normal  urine  4  but  the  trace  Is  negligible,  many  hundreds  of 
litres  of  urine  having  to  Ijc  used  to  obtain  an  appreciable  quantity. 
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there  is  a  formation  of  pus,  and  particularly  if  the  pus  is  decomposed 
owing  to  the  action  of  a  l)act6rial  growth  called  staphjlococcue ;  ooe 
of  the  products  of  disintegration  of  pns  cells  appears  to  be  peptone ; 
and  this  leaves  the  body  by  the  urine.  The  term  "  peptone/'  how- 
ever, is  in  the  strict  sense  of  the  word  incorrect ;  the  proteid  present 
is  dentoro-proteose.  In  the  disease  of  bone  called  "  osteomalacia  "  a 
proteose  is  also  usually  found  in  the  urine.  This  more  nearly 
resembles  hetero-proteose  in  its  properties* 

Sugar, ^N"ormal  urine  contains  no  sugar,  or  so  little  that  for 
clinical  purposes  it  may  be  considered  absent.  It  occurs  in  the 
disease  called  diabetes  mellitus,  which  can  be  artificially  produced  by 
puncture  of  the  medulla  oblongata,  or  by  extirpation  of  the  pancreas. 
The  disease  as  it  occurs  in  man  may  be  due  to  disordered  metabolisn} 
of  the  liver,  to  diseaaa  of  the  pancreas,  and  to  other  causes  (see  p,  526), 

The  sugar  present  is  dextrose.  Lactose  may  occur  in  the  urine 
of  nursing  mothers,  Levulose,  perutoses,  and  other  sugars  are  found 
but  rarely.  Diabetic  urine  also  contains  hydroxy  butyric  acid,  and 
may  contain  or  yield  on  distillation  acetone,  and  ethyl-diacetie  acid. 
Tiie  methods  usually  adopted  for  detecting  and  estimating  the  sugar 
are  as  follows: — 

(ei\  The  urine  has  generally  a  h]>h  specific  grafity, 

(ff)  The  presence  of  sugar  is  shown  hv  iTie  reduction  (jellow  precipitate  of 
cuprous  oxide)  that  occurs  on  boiling  with  I^ehling's  solutiim.  Fehling's  solution  is 
an  alkaline  solutioii  of  copper  sulphiito  to  wliich  Roclvelle  salt  Kas  been  added.  The 
HocheUe  salt  (double  tartrate  of  p^itash  and  ioda)  holds  the  cupric  hjdrate  in 
solution*  Fehliug*s  solution  should  always  be  freshly  prepared^  as^  on  standitig,  an 
iaomeride  is  formed  from  the  tartaric  acid,  which  reduces  the  cupHc  to  cuprous 
oxide.  Pehllng'a  solution  should*  therefore*  always  be  tested  by  boiling  before  it  is 
used*     If  it  rcmaius  clear  on  boiling,  it  is  in  good  condition. 

(r)  Fir.fk^  Acid  Task — Take  a  drachm  (about  4  c.c, )  of  diabetic  urine;  add  to  it 
an  equal  volume  of  saturated  aqueous  solution  of  pit  ric  acid,  and  hnlf  the  Tolume 
(iL(«,,  2  cc.)  of  the  liquor  potissie  of  the  British  PharniftCoptt^Ni,  Boil  the  mixtui^ 
for  about  a  minute,  and  it  becomes  so  intensely  dark  red  as  to  be  opaque.  Now  do 
the  same  eacperiment  with  normal  urine.  An  orange-red  colour  appears  even  in  the 
cold,  and  is  deepened  by  boiling,  but  it  never  becomes  opaque*  and  so  the  unne  for 
clinical  purposes  may  be  considered  free  from  sugar,  Tiiis  reduction  of  picric  acid 
by  normal  urine  is  due  to  creatinine. 

{tl)  QuttntUiUir^  Bitermimitifm  of  Stu^nr  in  /Vf>i#?.— Fehling*s  solution  is  pre^ 
pared  as  follows :-  34*039  grammes  of  copper  sulphate  are  dissolved  in  about  200 
cc.  of  distilled  w^ter ;  173  ^amrocs  of  Rwhelle  salt  are  dissolved  in  600  r,e.  of  a 
H  per  cent  solution  of  caustic  soda.  The  two  solutions  are  mixed  and  diluted  to  a 
litre.  Ten  c.c,  of  this  solution  are  equivalent  to  0*05  p^r^iuime  of  dextrose.  Dilute 
10  c.c.  of  this  solution  with  about  40  c*c*  of  water,  and  boil  it  in  a  porcelain  basin. 
Run  into  this  from  a  burette  the  urine  (which  should  be  previously  diluted  with  nine 
times  its  volume  of  distilled  water)  until  the  blue  colour  of  the  copjier  solution 
disappears— that  is,  till  all  the  cupric  hydrate  is  reduced.  The  mixture  in  the  basin 
should  be  boiled  after  every  addition.  The  quantity  of  diluted  urine  used  from  the 
burette  contains  0*05  gramme  of  sugar.  Calculate  the  percentage  from  this, 
remembering  that  the  urine  has  been  diluted  to  ten  times  its  original  volume. 

Pavy*s  modification  of  Fehling's  solution  is  often  used.  Here  ammonia* 
holds  the  copper  in  solution,  and  no  precipitate  forms  on  boiling  with  5Ugar«  as 
ammonia  holds  the  cuprous  oxide  in  solution.     The  reduction  is  complete  when  the 
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blue  (^oiour  disappenrs  J  10  c.e.  of  Pavy^s  aoIuHod  =  1  <lc.  of  FehLing's  S6lutmn  = 

O'OOS  gramme  of  aextrose. 

In  some  cases  of  diabeUe  urine  where  there  is  esceess  of  ammoQic^magnesie 
phosphate*  the  full  reduction  is  not  obtjiined  with  Fehlin|f's  s^jUition.  and  when  the 
qusntity  of  sugar  is  small  it  may  be  missed,  [n  such  a  case  excess  of  soda  or 
potash  should  be  first  added,  the  precipitated  phosphates  filtered  off*  and  the  filtrate 
after  it  has  been  well  boiled  may  then  be  titrated  with  Fehlin^'s  solution. 

Fehling's  test  is  not  absolutely  trustworthy.  Often  a  normal  iinne  will 
deeolorlse  FehJing's  solution,  tliough  seldom  a.  red  precipitate  is  formed.  This  Is 
due  to  excess  of  urates  and  creatinine.  Another  substance  called  glycuronic  acid 
(CftHinOy)  is.  however,  verf  likely  to  be  confused  with  sugar  by  Fehilng^s  test ;  the 
cause  of  its  ap{>earance  is  sotnelimes  the  admin  is  t  ration  of  drugs  (chloral,  camphor, 
etc) ;  but  sometimes  it  appears  independently  of  drug  treatment.     (See  p.  fp27.) 

In  the  rare  and  hereditjtry  condition  called  ah  aptonuria,  confusion  may  also 
arise*  Alcapton  is  a  substance  which  originates  from  tyrosine  by  an  unusual 
form  of  metabolism.  It  gives  the  urine  a  brown  tint*  which  darkens  on  exposure 
to  the  air.  It  is  an  aromatic  substance,  which  Baumahn  and  Wolkow  and  later 
Garrod  idenHiied  with  homogentisinic  acid  (CBH3t.{011).jCH,.C00H). 

(ff)  A  good  confirmatory  test  for  sugar  is  the  f^rmi^n/'tition  t«st^  which  is  per- 
formed as  follows  ^— 

Half  fill  a  test-tul>c  with  the  urine  and  add  a  little  German  yeast  Fill  up  the 
tube  with  mercury ;  invert  it  in  a  basin  of  mercury,  and  leave  it  in  a  warm  place 
for  twenty 'four  hours.  The  sugar  will  undergo  fermentation :  carlwnic  at4a  gas 
accumulates  in  the  tube,  and  the  liquid  no  longer  gives  the  tests  for  sugar^  or  only 
faintly,  but  gives  those  for  alcohol  instead.  The  specific  gravity  falls.  A  control 
experiment  should  be  made  with  yeast  and  water  in  anotber  test- tube,  as  a  small 
yield  of  carbonic  acid  is  sometimes  obtaioed  from  impurities  in  the  yeast, 

(/)  The  ph^n^lhtfdnmne  test  (p.  395)  may  also  be  applied. 

Bile. — This  occura  in  jaundice.  The  urine  is  dark-brown» 
greenish,  or  in  extreme  cases  almost  black  in  colour.  The  moat 
readil)^  applied  test  is  Gmelin'a  teat  for  the  bile  pigments  Excess 
of  urobilin  should  not  be  mistaken  for  bOe  pigment,  Pettenkofer's 
lest  for  the  bile  acids  seldom  succeeda  in  urine  if  the  test  is  done  in 
the  ordinary  way.  The  be^t  method  is  to  warm  a  thin  film  of  urine 
and  cane  sugar  solution  in  a  flat  porcelain  dish.  Then  dip  a  glass  rod 
in  strong  sulphuric  acid,  and  draw  it  across  the  film.  Its  track  is 
marked  by  a  purplish  line.  Hay*a  sulphur  test  ia  a  good  one  for  bile 
salta.  If  some  flowers  of  sulphur  are  spriukled  on  the  surface  of 
normal  urine,  it  remains  floating  on  the  top.  If  bile  salts  are  present 
even  in  small  quantities,  the  fine  sulphur  particles  fall  down  to  the 
bottom  of  the  vessel  in  which  the  urine  is  contained ;  this  is  due  to 
an  alteration  of  surface  tension  which  bile  salts  produce. 

Blood.^When  haemorrhage  occurs  in  any  part  of  the  urinary 
tract,  blood  appears  in  the  urine.  It  is  found  in  the  acute  stage  of 
Bright's  disease.  If  a  large  quantity  ia  present,  the  urine  is  deep 
red.  Microscopic  examination  then  reveals  the  presence  of  blood 
corpuscles,  and  on  apectroacopic  examination  the  bands  of  oxyhoemo- 
globin  are  seen. 

If  only  a  amall  quantity  of  blood  is  present,  the  secretion — 
especially  if  acid — haa  a  characteristic  reddish-brown  colour,  which 
physicians  term  "  smoky," 
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The  blood  pigment  may,  under  certain  cimumatances,  appear  in 

the  urine  without  the  presence  of  any  blood  corpuscles  at  all  This 
18  produced  by  a  disintegration  of  the  corpuscles  occurring  in  the 
circulation.  The  condition  eo  produced  is  called  jKJemoglobinuTia ; 
it  occurs  in  several  pathological  states,  as  for  instance  in  the  tropical 
disease  called  "Black-water  fever/'  The  pigment  is  in  the  condi- 
tion of  methEemoglobin  mixed  with  more  or  less  oxyhBemoglobinj 
and  the  epectroaeope  is  the  means  used  for  identifying  these 
substances. 

PuM  occurs  in  the  urine  as  the  result  of  suppuration  in  any  part 
of  the  urinary  tract.  It  forms  a  white  sediment  resembling  that  of 
phosphates,  and,  indeed,  is  always  mixed  with  phosphates.  The  pus 
csorpuaoles  may,  however,  be  seen  with  the  microscope ;  their  nuclei 
are  rendered  evident  by  treatment  with  1  per  cent,  acetic  acid,  and 
the  pus  corpuscles  are  seen  to  resemble  white  blood-corpuscles,  which, 
tu  fact,  they  are  in  origin.     They  dissolve  in  glacial  acetic  acid. 

Soma  of  the  protein  constituents  of  the  pus  cells— and  the  same 
is  true  for  blood — pass  into  solution  in  the  urine,  so  that  the  urine 
pipetted  off  from  the  surface  of  the  deposit  gives  the  testa  for 
albumin. 

On  the  addition  of  liquor  potaassa  to  the  deposit  of  pus  cells,  a 
ropy  gelatinous  maaa  is  obtained.  This  is  distinctive.  Mucus  treated 
in  the  same  way  is  dissolved. 
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it  is  subjected  to  most  MctioiL  The  cells  of  the  deepest  layers  of 
the  Malpighiaii  layer  are  coltimnar  in  shape;  the  layers  next  to  these 
are  composed  of  polyhedral  cells,  which  become  flatter  as  they 
approach  the  horny  layera     Between  these  cells  are  fine  intcrcellTilar 
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passages,  bridged  across  by  fine 
protoplasmic   processes,   which 
pass  from  cell  to  cell ;  the  spaces 
between  the  cells  serve  for  the 
passage  of  iympk     1 1  is  in  the 
cells  of  the  Malpighian  layer  that  pig- 
ment granules  are  deposited   in   the 
coloured  races. 

Between  the  homy  layer  and  the 
Malpighian  layer  are  two  interraediat© 
strata,  in  which  the  transformation  of 
protoplasm  into  horny  material  {kera- 
tin) is  taking  place.  In  the  first  of 
these— that  is,  the  one  next  to  the 
Malpighian  layer,  the  cells  are  flat- 
tened, and  filled  with  large  granules  of  eleidiUf  an  intermediate  sub- 
stance in  the  formation  of  horn.  This  layer  is  called  the  siratum 
granulcmtm. 

Above  this  are  several  layers  of  clear^  more  rounded  cells,  which 
constitute  the  stratum  lucidum;  and  above  this  the  homy  layer 


Fm.  «T.— Vertical  eeetjon  of  ikin, 
A,  BebaeoQUS  glimtl  ob«tiifig 
mto  hAlr  fcUlde.  Ij.  Husau* 
Lar  nbrea,    C.  Sutlorfroroiia  m 

fat.    E.  FuTj cj  119  of  balr  foU k le » 
w  \t\x  hair  iJ*i»illa.    ( Klein . ) 
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proper,  many  strata  deep,  begins.  The  cells  become  more  and  more 
scaly  as  thoy  approach  the  surface^  where  they  lose  their  naelei  and 
eventually  become  detached. 

The  epidermis  grows  by  a  multiplication  of  the  deepest  layer  of 
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Fifi.  438,— Rurtkcti  of  A  wMbfl  hitr.  niHgnilkftil  IflO  cil*meteiri.    The  wfcvy  iJnea  mark  the  ujiparor  ftw 
pdge*  of  the  cortical  acmles*.     lit  «pft™i*Jd  malea,  magiimed  350  dJAUietfln,    (K^iJlikiit.) 

cells  (fig.  436  b)  ;  the  newly -formed  cells  push  towards  the  surface 
those  previously  formed,  in  their  progress  undergoing  the  transfor- 
mation into  keratin. 

The  epidermis  has  no  blood-vessels*   nerve-fibrils  pass  into  its 
deepest  layers,  and  ramify  between  the 
cells. 

The  Dermis  is  composed  of  dense 
fibrous  tissue,  which  becomes  looser  and 
more  reticular  in  its  deeper  part,  where 
it  passes  by  insensible  degrees  into  the 
areolar  and  adipose  tissue  of  the  sub- 
cutaneous region.  The  denser  superficial 
layer  is  very  vascular,  and  is  covered 
with  minute  papillce ;  the  epidermis  is 
moulded  over  these,  and  in  the  palms 
and  soles,  where  the  papillae  are  largest 
and  are  disposed  in  rows,  their  presence 
is  indicated  by  the  well-known  ridges 
on  the  surface. 

The  papiUaB  contain  loops  of  capil- 
laries, and  in  some  cases,  especially  in 
the  palm  of  the  hand  and  fingers,  they 
contain  tactile  corpuscles  (which  will  be 
more  fully  described  in  connection  with 
tlie  sense  of  touch).  Special  capillary 
networks  are  distributed  to  the  sweat-glands,  sebaceous  glands,  and 
hair  follicles. 

The  deeper  portions  of  the  dermis  in  the  scrotum,  penis,  and 
nipple,  contain  involuntary  muscular  tissue;  there  is  also  a  bundle  of 
muscular  tissue  attaches!  to  each  hair  follicle. 


■\^ 


fll: 


/ 


Fill.  4S9.— l^nKttudtnAl  ftMtlaa  of  • 

ti„  ttbn.ius  Uj^orof  Ihe  hnir ;  r.  utt- 

vf«4«U  of    tb9   hKJT   psplUft :    hi 
iJsrnili;  CO*!.    (C&dint.) 


fSS 


THE  SKm   AND   ITS   APPENDAGES  [CR  XJCXVIIL 


The  Nails  are  thickaiiinga  of  the  stratum  lucidum.  Each  lies  in 
a  deprassion  called  the  bed  of  the  nailj  the  posterior  part  of  which  is 
overlapped  by  epidermis,  and  called  the  naU-gro&m.  The  dermis 
beneath  is  beset  with  longituduial  ridges  instead  of  papillEe;  these 
are  very  vascular ;  but  in  the  lunula,  the  crescent  at  the  base  of  the 
nail,  there  are  papUlee,  and  this  part  is  not  so  vascular, 

Tha  Hairs  are  epidermal  growths,  contained  in  pita  called  hair 
falliclm^    The  part  within  the  follicle  is  called  the  root  of  the  hair. 

The  main  substance  of  the  hair  is  composed  of  pigmented  homy 
fibrous  material^  in  reality  long  fibrillated  cells.     It  is  covered  by  a 
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Fl«.  440.— Truuwriie  flceUon  of  a  h»lr  ami  h^ir  foJUclo  inafle  below  the  oijoning  of  tbo  »l»c«oufi  gland. 
At  medulla,  orpitb  of  lbs  hmir;  h,  flbruust  layft;  £,  cuticle;  ff,  Hiutley'A  )i^y«r;  f»  HailIa^a  Uytr  of 
fntemal  ro^t^tbeatb ;  /ind  g^  Layem  of  ext«mi]  root-aba&th^  outnLdB  of  $  iu  t&»  ba»iQent  mflmbmie 
ur  hyajloA  layer ;  A,  4«nnic  (flibmuji)  coat  oTluitr  tbllkla;  !«  vbamIb.    (Cadlmt) 

layer  of  scales  imbricated  upwards  {hair  cuticle).  In  many  hairs  the 
centre  is  occupied  by  a  m$duUa,  formed  of  rounded  cells  containing 
eleidin  granules.  Minute  air-bubbles  may  be  present  in  both  medulla 
and  fibrous  layer^  and  cause  the  hair  to  look  white  by  reflected  light. 
The  grey  hair  of  old  age,  however,  is  produced  by  a  loss  of  pigment. 

The  root  is  enlarged  at  its  extremity  into  a  knob,  into  which  pro- 
jects a  vascular  papilla  from  the  true  skin. 

The  hair  follicle  consists  of  two  parts,  one  continuous  with  the 
epidermis,  called  the  roQtshmth,  the  other  continuous  with  the  dermis, 
called  the  dermic  coat  The  two  are  separated  by  a  basement  mem- 
brane called  the  hycdine  lay$r  of  the  follicle.     The  root-sheath  con* 
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gists  of  an  outer  layer  of  cells  like  the  Malpighian  layer  of  the 
epidermis,  with  which  it  is  directly  continuous  (outar  root-shmth),B,jid 
of  an  inner  horay  layer  (inner  root-sheath),  continuous  with  the  horny 
layer  of  the  epidermis.  The  inner  root*sheath  consists  of  three  layers, 
the  outermost  being  composed  of  long,  non-nucleated  cells  (ffmk's 
la^er),  tho  next  of  squarish  nucleated  cells  (ffus^ley's  laym),  and  the 
tWrd  is  a  {mtich  of  scales,  imbri- 
cated downwards,  which  6t  over 
the  scales  of  the  cuticle  of  the  hair 
itself, 

A  small  bundle  of  plain  mus- 
cular fibres  13  attached  to  each 
follicle  (fig.  437).  When  it  con- 
tracts, as  under  the  influence  of 
cold,  or  of  certain  emotions  such  aa 
fear,  the  hair  is  erected  and  the 
whole  skin  is  roughened  ("goose 
skin").  The  nerves  supplying 
these  muscles  are  called  pilo-motor 
nerves.  The  distribution  of  these 
nerves  closely  follows  those  of  the 
vaao-constrictor  nerves  of  the  skin  ; 
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.  142.— Terminil  tubnltti  of  indodferDue  or 
«weAl>g1iuic]j|^  cut  in  vartovji  dtrsctlrms  fhitm 
tha  Akin  of  tbe  pig'ft  «u-.    (V.  O.  "Hkrria.) 


'*W^   their  cell  stations  are  in  the  lateral 
sympathetic  chain. 

The  sebaceous  glands  (figs. 
437  and  441)  are  small  saccular 
glands,  with  ducts  opening  into 
the  upper  portion  of  the  hair  fol- 
licles. The  secreting  cells  become 
charged  with  fatty  matter^  which  is  discharged  into  the  lumen  of  the 
saccules  owing  to  the  disintegration  of  the  cells.  The  secretion,  sehim, 
contains  isocholesterin  (see  p.  522}  in  addition  to  fatty  matter.  It 
acts  as  a  lubricant  to  the  hairs. 

The  s^weatrglanda  are  abimdant  over  the  whole  human  skin,  but 
are  most  numerous  where  hairs  are  absent,  on  the  |>alms  and  aolesi 
Each  consists  of  a  coiled  tube  in  tho  deepest  part  of  the  dermis,  the 
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duct  from  which  passes  up  through  the  dermis^  and  by  a  corkscrew- 
like  canal  through  the  epidermia  to  the  surface. 

The  secreting  tube  is  linod  by  one  or  two  layers  of  cubical  or 
columnar  cells;  outside  this  is  a  layer  of  longitudinally  arranged 
muscular  fibres,  and  then  a  basement  membrane. 

The  duet  is  of  similar  structure,  except  that  there  is  usually  but 
one  layer  of  cubical  cells,  and  muscular  fibres  are  absent ;  the  passage 
through  the  epidermis  has  no  proper  wall ;  it  is  merely  a  channel 
excavated  between  the  epidermal  cells. 

The  ce3*umiiioii8  glands  of  the  ear  are  modified  sweat-glands. 


The  Functioks  of  the  Seih 

Protection. — The  skin  acts  as  a  protective  organ,  not  only  by 
mechanically  covering  and  so  defending  internal  structures  from 
external  violence,  but  more  particularly  in  virtue  of  its  being  an  organ 
of  sensation  (see  later  in  the  chapter  on  Touch). 

Heat  Re^ulatioM. — ^See  Chapter  XL. 

Besplratlon. — A  small  amount  of  respiratory  interchange  of  gases 
occurs  through  the  skin,  but  in  thick-skinned  animals  this  is  very 
small  In  man,  the  carbonic  acid  exhaled  by  the  skin  is  about  t^ 
to  w^  of  that  which  passes  from  the  lungs.  But  in  thin-skinned 
animals,  such  as  frogs,  cutaneous  respiration  is  very  important ;  after 
the  removal  of  the  lungs  of  a  frog,  the  respiratory  interchange  through 
the  skin  is  sufficient  to  keep  the  animal  alive,  the  amount  of  carbonic 
acid  formed  being  about  half  as  much  as  when  the  lunge  are  present 
(Bisehoff). 

Absorption. —This  also  is  an  unimportant  function  ;  but  the  skin 
will  in  a  small  measure  absorb  oily  materials  placed  in  contact  with 
it  J  thus  iti  some  cases  infants  who  will  not  take  cod-liver  oil  by  the 
mouth,  can  yet  be  dosed  with  it  by  rubbing  it  into  the  skin.  Many 
ointments  also  are  absorbed,  and  thus  general  effects  produced  by 
local  inunction. 

Secretion. — The  secretions  of  the  skin  are  two  in  number.  The 
sebum  is  the  natural  lubricant  of  the  hairs.  The  secretion  of  sweat  is 
an  important  function  of  the  skin,  and  we  will  therefore  discuss  it  at 
greater  length. 

The  Sweat 

Phyeiologry  of  the  Secretion  of  Sweat — We  have  seen  that  the 
sweat-glands  are  most  abundant  in  man  on  the  palms  and  soles,  and 
here  the  greatest  amount  of  perspiration  occurs.  Different  animals 
vary  a  good  deal  in  the  amount  of  sweat  they  secretCi  and  in  the 

!)laca  where  the  secretion  is  most  abundant.    Thus  the  ox  perspirea 
ess  than  the  horse  and  sheep;  perspiration  is  absent  from   rats. 
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rabbits,  and  goats;  piga  perspire  mostly  on  the  snout;  dogs  and  cats 
on  the  pads  of  the  feet. 

As  long  aa  the  secretion  is  small  in  amount,  it  is  evaporated  from 
the  surface  at  once ;  this  is  caUed  in^enmhh  peroration.  As  soon  as 
the  secretion  is  iacreased  or  evaporation  pre%^onted,  drops  appear  on 
the  surface  of  the  ekia.  This  is  known  as  sensible  persptratim.  The 
relation  of  these  two  varies  with  the  temperature  of  the  air;  the 
drier  and  hotter  the  air,  the  greater  is  the  proportion  of  insensible 
to  sensible  perspiration.  In  round  numbers  the  total  amount  of 
sweat  secreted  by  a  man  is  two  pounds  in  the  twenty-four  hours* 

The  amount  of  secretion  is  influenced  by  the  vaso^motor  nerves ; 
an  increase  in  the  si^e  of  the  skin-vessels  leads  to  increased,  a  con- 
Btriction  of  the  vessels  to  diminished,  perspiration.  There  are  also 
special  secretory  fibres,  stimulation  of  which  causes  a  secretion  even 
when  the  circulation  is  suspended,  as  in  a  recently  amputated  limb. 
These  fibres  are  paralysed  by  atropine.  They  are  contained  in  the 
same  nerve-trunks  as  the  vaso-motor  nerves,  as  are  also  the  nerve- 
fibres  which  supply  the  plain  muscular  fibres  of  the  sweat-glands 
which  act  during  the  expulsion  of  tho  secretion.  The  secretory 
nerves  for  the  lower  limbs  issue  from  the  spind  cord  by  the  last  two 
or  three  dorsal  and  first  two  or  four  lumbar  nerves  (in  the  cat) ;  they 
have  cell  stations  in  the  lower  ganglia  of  the  lateral  chain,  and  pass 
to  the  abdominal  sympathetic  and  thence  to  the  sciatic  nerve.  They 
are  controlled  by  a  centre  in  the  upper  lumbar  region  of  the  cord ; 
those  for  the  upper  limbs  leave  the  cord  by  the  sixth,  seventh,  and 
eighth  anterior  thoracic  roots,  have  cell  stations  in  the  ganglion 
stellatum,  and  ultimately  pass  to  the  ulnar  and  median  nerves ;  they 
are  controlled  by  a  centre  in  the  cervical  enlargement  of  the  cord. 
The  secretory  fibres  for  the  head  pass  in  the  cervical  sympathetic, 
and  in  some  branches  of  the  fifth  cranial  nerves.  These  subsidiary 
centres  are  dominated  by  one  in  the  medulla  oblongata  (Adam- 
kiewicz).  These  facts  have  been  obtained  by  experiments  on  animals 
(catj  horse)* 

The  sweat-centres  may  be  excited  directly  by  venous  blood,  as  in 
asphyxia ;  or  by  over-heated  blood  (over  45""  C) ;  or  by  certain  drugs 
(see  further);  or  reflexly  by  stimulation  of  afferent  nerves  such  as 
the  crural  and  peroneal 

Nervous  diseases  are  often  accompanied  with  disordered  sweat- 
ing; thus  unilateral  perspiration  is  seen  in  some  cases  of  hemi- 
plegia; degeneration  of  the  anterior  nerve-cells  of  the  cord  may 
cause  stoppage  of  the  secretion.  It  is  sometimes  increased  in 
paralysed  mnbs. 

The  changes  that  occur  in  the  secreting  cells  have  been  inve^tir 
gated  by  Renaut  in  the  horse.  When  charged  they  are  clear 
and  swoUen,  the  nucleus  being  situated  near  their  attached  ends; 
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when  dlBcharged  they  are  smaller,  granular,  and  thoir  nacleuB  is 
more  central 

The  sweat,  Uke  the  urine,  must  be  regarded  aa  an  exeretion,  the 
secreting  cells  eliminating  substances  formed  elsewhere. 

CompoBltion  of  the  Sweat. — Sweat  may  be  obtained  in  abundant 
quantities  by  placing  the  animal  or  man  in  a  closed  hot-air  batb»  or 
from  a  limb  by  enclosing  it  in  a  vessel  made  air-tight  with  an  elastic 
bandaga  Thus  obtained,  it  is  mixed  with  epidermal  scales  and  a 
small  quantity  of  fatty  matter  from  the  sebaceous  glands.  The  con- 
tinual shedding  of  epidermal  scales  is  in  reahty  an  excretion. 
Keratin,  of  which  they  are  chiefly  composed,  is  rich  in  sulphur,  and, 
consequently,  this  is  one  means  by  which  sulphur  is  removed  from 
the  body. 

The  reaction  of  sweat  is  acid,  and  the  acidity,  as  in  the  urine,  is 
due  to  acid  sodium  phosphate.  In  profuse  sweating,  however,  the 
secretion  usually  becomes  alkaline  or  neutral.  It  has  a  peculiar 
and  characteristic  odour,  which  varies  in  different  parts  of  the  body, 
and  18  due  to  volatile  fatty  acids;  its  taste  is  saltish,  its  specific 
gravity  about  1005, 

In  round  numbers  the  percentage  of  solids  is  1%  of  which  08 
is  inorganic  matter.  The  following  table  is  a  compUatiou  from 
several  analyses : — 


Water     . 

.   mm 

percent 

Solids 

.       1-12 

t* 

Baits 

.       0^57 

NaCl       , 

.       0-22  to  0^33 

*! 

Other  salts 

.       0-13 

*i 

(alkaline  sulphates,  phosphates^ 
loct^itcs,  and  potassium 
chloride) 

FaU 

.       0-41 

*i 

(including  fatty  acids  and 
isocholesterin] 

Epithelium 
IJpea       . 

.       0*17 

It 

,       O'OS 

,, 

The  salts  are  in  kind  and  relative  quantity  very  lilce  those  of  the 
urina  Funke  was  unable  to  find  any  urea,  but  most  other  observers 
agree  on  the  presence  of  a  minute  quantity.  It  appears  to  become 
quickly  transformed  into  ammonium  carbonate.  The  protein  which 
is  present  is  probably  derived  from  the  epithelial  cells  of  the 
epidennis,  sweat-glands,  and  sebaceous  glands,  which  are  suspended 
in  the  excretion;  but  in  the  horse  there  is  albumin  actually  in 
solution  in  the  sweat. 

Abnormal,  Uamsual,  or  Pathological  Conditions  of  the  Sweat, 
— Drugs. — Certain  drugs  (sudorifics)  favour  sweating,  e.g.,  pilocarpine. 
Calabar  bean,  strychnine,  picrotoxine,  muscarine,  nicotine,  camphor, 
ammonia.  Others  diminish  the  secretion,  €.g.,  atropine  and  morphine 
in  large  doses. 
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Large  quantities  of  water,  by  raifling  the  blood-pressure,  increase 
|the  perspiration. 

Some  Bubstaoces  introdticsd  into  the  body  reappear  in  the  sweat, 
€.g.,  benzoic,  tartaric,  and  succinic  acids  readily,  quinine  and  iodine 
with  more  difficulty.  Compounds  of  arsenic  and  mercury  behave 
similarly, 

i>i5«aff^.— Cystin  has  been  found  in  some  cases  of  cystinuria; 
dextrose  in  diabetic  patients  j  bile-pigment  in  those  with  jaundice 
(as  evidenced  by  the  staining  of  the  clothes);  indigo  in  a  pecuHar 
condition  known  as  chromidrosis ;  blood  or  hsematin  deriva- 
tives in  red  sweat;  albumin  in  the  sweat  of  acute  rheumatism^ 
which  ifl  often  very  acid;  urates  and  calcium  oxalate  in  gout; 
lactic  acid  in  puerperal  fever,  and  occasionally  in  rickets  and 
scrofula. 

Kidney  Diseases, — The  relation  of  the  secretion  of  the  skin  to  that 
of  the  kidneys  is  a  very  close  ona  Thus  copious  secretions  of  urine, 
or  watery  evacuations  from  the  alimentary  canal,  coincide  with  dry- 
neaa  of  the  akin ;  abundant  perspiration  and  scanty  urine  generally 
go  together.  In  the  condition  known  aa  urmmia  (see  p.  569),  when 
the  kidneys  secrete  little  or  no  urine,  the  percentage  of  urea  rises 
in  the  sweat;  the  sputum  and  the  saliva  also  contain  urea  under 
those  circumstances.  The  clear  indication  for  the  physician  in 
such  cases  is  to  stimulate  the  skin  to  action  by  hot-air  baths  and 
pilocarpine,  and  the  alimentary  canal  by  means  of  purgatives.  In 
some  of  these  cases  the  skin  secretes  nrea  so  abundantly  that  when 
the  sweat  dries  on  the  body,  the  patient  is  covered  with  a  coating  of 
urea  crystals. 

Varnishing  the  Skin. — By  covering  the  skin  of  such  an  animal  as 
a  rabbit  with  an  impermeable  varnish,  the  temperature  is  reduced,  a 
peculiar  train  of  symptoms  set  up,  and  ultimately  the  animal  dies. 
If,  however,  cooling  is  prevented  by  keeping  such  an  animal  in  warm 
cotton- wool,  it  Uvea  longer,  Yarnishing  the  human  skin  does  not 
seem  to  be  dangerous.  Many  explanations  have  been  offered  to 
explain  the  peculiar  condition  observed  in  animals ;  retention  of  the 
sweat  would  hardly  do  it ;  the  blood  is  not  found  posi-mortem  to 
contain  any  abnormal  subatance,  nor  ia  it  poisonous  when  transfused 
into  another  animal.  Cutaneous  reapiration  is  so  slight  in  mammals 
that  stoppage  of  this  function  cannot  be  supposed  to  cause  death. 
The  animal,  in  fact,  dies  of  cold ;  the  normal  function  of  the  skin  in 
relating  temperature  is  interfered  with,  and  it  ia  animala  with 
delicate  skins  which  are  most  readily  affectei 
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The  word  mdaholism  has  been  often  employed  in  the  preceding 
chapters,  and,  as  there  explained,  it  is  used  to  express  the  sum  total 
of  the  chemical  exchanges  that  occur  in  living  tissuea.  The  chemical 
changes  have  been  considered  separately  under  the  headings 
Alimentation,  Excretion^  Eespiration,  etc.  We  have  now  to  put  our 
knowledge  together,  and  consider  these  subjects  in  their  relation  to 
one  another. 

The  living  body  is  always  giving  off  by  the  lungs^  kidneys,  and 
skin  the  products  of  its  combustion,  and  is  thus  always  tending  to 
lose  weight.  This  loss  is  compensated  for  by  the  intake  of  food  and 
of  oxygen.  For  the  material  it  loses,  it  receives  in  exchange  fresh 
substances.  If,  as  in  a  normal  adult,  the  income  is  exactly  equal  to 
the  expenditure,  the  body-weight  remains  constant.  If,  as  in  a 
growing  child,  the  income  exceeds  the  expenditure,  the  body  gains 
weight;  and  if,  as  in  febrile  conditions,  or  during  starvationi  the 
expenditure  exceeds  the  income,  the  body  wastes. 

The  different  parts  of  the  body  have  very  different  compositions ; 
still,  speaking  of  the  body  as  a  whole,  Volkmann  and  BischoiT  state 
that  it  contains  64  per  cent,  of  water,  16  of  proteins,  14  of  fat,  5  of 
salt,  and  1  of  carbohydrates.  The  carbohydrates  are  thus  the  smallest 
constituent  of  the  body;  they  are  the  glycogen  of  the  Uver  and 
muscles,  and  small  quantities  of  dextrose  in  various  parts. 

The  most  important,  because  the  most  abundant  of  the  tissues  of 
the  body  I  is  the  muscular  tissue.  Muscle  forms  about  42  per  cent, 
of  the  body-weight,*  and  contains,  in  round  numbers,  75  per  cent  of 
water  and  21  per  cent,  of  proteins;  thus  about  half  the  protein 
material  and  of  the  water  of  the  body  exist  in  its  muscles. 

The  body,  however,  does  not  remain  in  a  stable  condition ;  even 
while  nutrition  is  occurring,  destructive  changes  are  taking  place 
simultaneously;  each  cell  may  be  considered  to  be  in  a  state  of 
unstable  equilibrium,  undergoing  anabolic,  or  constructive  preceaaes^ 
on  the  one  hand,  and  destructive,  or  kaiaiolic,  processes  on  the  other. 

•  Tbe  follow iag  is  in  round  imrabers  the  percentage  proportion  of  the  different 
Btmctural  elements  of  the  body:  skeleton,  16  j  muscles,  i2 ;  fat,  18;  viscera,  9; 
skin,  S ;  brain,  2 ;  blood,  5* 
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The  two  sides  of  metabolism  may  be  compared  bj  means  of  a 
balance-sheet,  and  the  necessary  data  for  the  construction  of  such  a 
comparison  are: — 

(1)  The  weight  of  the  aninial  before,  during,  and  after  the 

experiment. 

(2)  The  quantity  and  composition  of  its  food. 

(3)  The  amount  of  oxygen  absorbed  during  respiration. 

(4)  The  quantity  and  composition  of  urine,  faeces,  sweat,  and 
expired  air. 

(5)  The  amount  of  work  done,  and  the  amount  of  heat  developed. 
(The  subject  of  animal  heat  will  be  considered  in  the  next  chapter.) 

Water  is  determined  by  subtracting  the  amount  of  water  ingBSted 
as  food  from  the  quantity  lost  by  bowels,  urine,  lungs,  and  skin. 
The  difference  ia  a  measure  of  the  katabolism  of  hydrogen. 

Nitrogen. — The  nitrogen  is  derived  from  proteins,  and  appears 
chiefly  in  the  urine.  Smaller  quantities  are  eliminated  in  sweat  and 
faeces.  From  the  amount  of  nitrogen  ao  found,  the  amount  of 
proteins  which  have  undergone  kataboUsm  is  calculated  Proteins 
contain,  roughly,  16  per  cent,  of  nitrogen;  so  1  part  of  nitrogen  is 
equivalent  to  6"S  parts  of  protein ;  or  1  gramme  of  nitrogen  to  30 
grammes  of  flesh. 

Fat  and  mTbohydraU. — Subtract  the  carbon  in  the  katabolised  pro* 
tein  (protein  contains  54  per  cent,  of  carbon)  from  the  total  carbon 
eliminated  by  lungs,  skin,  bowels,  and  kidneys,  and  the  difference 
represents  fat  and  carbohydrate  that  have  undergone  katabolism. 

Balance  of  Xneome  and  Discharge  in  Health. 

In  Chapter  XXVIIL  tables  are  given  of  adequate  diets;  these 
will  in  our  balance-sheet  represent  the  source  of  income ;  the  other 
side  of  the  balance-sheet,  the  expenditure,  consists  of  the  excretions. 

We  may  select  as  our  example  a  typical  table  of  this  daily 
exchange  of  material  on  an  ordinary  diet  from  the  work  of  Petten- 
kofer  and  Voit     In  the  first  experiment  the  man  did  no  work. 


InooiPA. 

BxpendSturt. 

PMd. 

N^I^QgQQ. 

O^rbou. 

SxoiwtioD*. 

Kltzogpa, 

Cirboii. 

Wit«r. 

Protein   .     137  gr. 
Pat.        ,     117  „ 
Carbohy- 

dmte.    862  „ 
Water     ,  201S  „ 

M9^6 

S16*5 

¥wKm  . 

Pbiplped 

air 

17*4 
2*1 

127 

1279 
63 

828 

19-5 

275'8 

2190 
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Here  the  body  was  in  nitrogenous  equilibrium,  and  it  eliminated 
more  water  than  it  took  in  by  174  grammes,  this  being  derived  from 
oxidation  of  hydrogen.  It  stored  39  "7  grammea  of  carbon,  which  is 
equivalent  to  52  grammea  of  fat. 

The  next  table  gives  the  results  of  an  experiment  on  the  same  man 
on  the  same  diet,  but  who  did  active  muscular  work  during  the  day  : — 

EicpeDdlture.  Nitrogen.  Curboii.  W«t«)-. 

Urine 17^4  12*6  1194 

Faeces 2'1  H^5  94 

Expired  air  .         .         ,        ,         ,  ...  309^2  1412 

19  "5  saa^a  2700 

It  is  important  to  notice  that  the  discharge  of  nitrogen  was 
unaltered,  while  that  of  both  carbon  and  hydrogen  was  increased. 
At  one  time  protein  was  considered  to  be  the  great  source  of 
muscular  energy ;  this  was  first  disproved  by  an  historical  experiment 
made  by  Fick  and  Wislicenus  on  themselves  in  their  ascent  of  the 
Faulhorn.  Nature  works  in  a  most  economical  way  in  reference  to 
protein  waste,  and  any  increase  in  nitrogenous  katabolism  which 
occurs  during  muscular  work  is  insignificant 

The  balance-sheet  method  of  investigation,  though  one  of  great 
usefulness,  tells  us  very  little  of  the  details  whioh  lead  to  the  end 
results.  We  must  therefore  now  proceed  to  study  the  details,  and 
although  there  is  a  good  deal  of  guess  work,  and  even  ignorance  upon 
some  essential  points,  we  may  most  conveniently  consider  the 
question  under  the  three  headinga  of  our  principal  food  materials^ 
namely,  carbohydrates,  fats,  and  proteins* 


Metabolism  of  Carbohydrates. 

In  plants,  carbohydrates  are  synthesised  by  the  agency  of  chloro- 
phyll from  the  simple  materials  carbonic  acid  and  water,  which  form 
their  chief  foods.  The  first  substance  formed  is  probably  formic 
aldehyde,  H.COH,  and  this  by  condensation  is  converted  into  sugar, 
and  dually,  into  starcL  We  have  no  evidence  that  a  synthesis  of 
this  kind  ever  takes  place  in  animals,  but  the  main  source  of  animal 
carbohydrate  is  vegetable  carbohydrate.  This  is  taken  in  the  food  and 
converted  into  glucoae ;  the  glucose  is  taken  to  the  liver  and  stored 
as  glycogen,  and  in  the  liver  ia  once  more  liberated  as  glucose,  and 
distributed  to  the  body  in  this  form.  The  change  from  glycogen  to 
sugar  is  the  work  of  a  ferment  Is  the  change  from  sugar  to 
glycogen  also  a  ferment  action?  And  if  so,  is  another  ferment 
responsible  for  it,  or  have  we  to  deal  with  a  case  of  reverBtble 
j^molpsis !  This  is  one  of  many  unanswered  questions.  The  other 
important  animal  carbohydrate  is  lactose,  a  compound  of  dextrose 
and  galactose.     If  the  focni  contains  galactose  as  well  as  dextrose,  the 
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condensation  of  these  two  sugars  to  form  lactose  m  a  comparatively 
simple  problem ;  there  is  no  doubt  that  galactose  is  present  in  certain 
foodSi  for  instance  it  is  contained  in  some  vegetables,  and  it  alao 
comes  from  the  sugar  of  milk.  Lactose  in  the  mammary  gland  is, 
however,  not  the  only  plaee  where  i^'alactoae  is  neoessarj,  for  the 
carebroaidas  of  nervous  tissue  (see  p.  176)  also  contain  it.  But  It  is  not 
necessary  to  assume  that  all  the  galactose  necessary  for  the  formation 
of  milk  sugar  and  of  tlie  cerebrosides  comes  direct  from  the  galactose 
of  the  food.  Dextrose,  galactose,  and  levulose  are  all  isomeric,  and 
the  intramolecular  rearrangements  that  would  be  necessary  to 
convert  one  into  another  member  of  this  group  do  not  seem  to  be 
beyond  the  power  of  the  tissue  cells,  and  there  is  a  good  deal  of 
evidence  that  such  transformations  actually  occur  in  the  body.  The 
other  carbohydrate  constituents  of  the  body  are  pentoses  found  in 
some  nucleo-pro tenia,  and  glucosamine  in  the  gluco-proteins,  but 
in  relation  to  these  our  knowledge  of  their  formation  is  highly 
speculative. 

It  is  further  known  that  the  hepatic  glycogen  may,  under  certain 
circumstances,  origiuate  from  proteins,  and  that  many  proteins  con- 
tain a  carbohydrate  radical ;  some,  such  as  mucin,  yield  a  considerable 
amount,  but  in  the  counnoner  proteins,  the  amount  is  in  the  neigh- 
bourhood of  1  per  cent,  or  less.  The  mucins  do  not  participate  to  any 
great  degree  in  metalxihsm,  and  so  the  question  arises  whether  the 
small  amount  of  carbohydrates  in  the  ordinary  proteins  is  sufficient 
to  account  for  the  amount  of  glycogen  formed.  Arithmetic  shows  it 
will  not;  moreover »  a  protein  (such  as  casein)  which  contains  no 
carbohydrate  radical  at  all,  is  equally  efficacious  as  the  others  in 
yield  iog  sugar  when  admiuiatered  to  animals  suffering  from  glycosuria 
produced  by  phloridzin,  Wc  must  therefore  search  for  something 
in  the  protein  molecule,  as  the  sourco  of  the  carbohydrate,  and 
leucine,  having  like  sugar  6  atoms  of  carbon,  was  naturally  the  first 
substance  to  be  examined*  But  all  experiments  on  the  admini- 
stration of  leucine  led  to  negative  or  nearly  negative  results.  Another 
amitio-acid,  alanine  (with  its  compounds  tyrosine,  phenyl-alanine,  and 
tryptophane),  was  found  to  be  the  much  more  probable  source  of 
the  ctirbohytbate.  The  relationship  of  alanine  to  the  carbohydrates 
is  a  near  one,  for  if  HO  is  substituted  in  its  molecule  for  NH^  wc 
get  lactic  acid,  and  it  was  found  that  the  administration  of  alanine 
to  rabbits  led  to  glycogen  formation  in  their  hvers,  and  to  the 
passage  of  lactic  acid  into  their  urine.  Another  cleavage  product  of 
protein,  namely,  aBpartic  acid,  may  act  in  a  similar  way,  and  this  also 
is  intelligible  on  chemical  lines,  for  if  aspartic  acid  loses  carbon 
dioxide,  it  is  converted  into  lactic  acid,  and  it  is  no  gi^eat  step  from 
this  to  sugar.  Similar  experiments  have  been  performed  with 
glycine  and  other  amino-acids,  but  the  results,  though  in  part  positive, 
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are  by  no  Dieans  so  clear,  nor  is  the  chemical  relationship  between 
them  and  carbohydrate  80  easy  to  understand.  The  only  other  sub- 
stance  not  a  carbohydrate,  but  which  appears  to  be  converted  ixito 
carbohydrate  in  the  body,  which  we  will  mention  ia  glycerin ;  glyceric 
aldehyde  ia  isomeric  with  lactic  acid,  so  here  again  we  have  a 
feasible  explanation. 

Turning  now  to  the  other  ,side  of  the  picture,  what  information 
have  we  about  carbohydrate  kataljolism  ?  The  final  products  of  com- 
bustion are  carbonic  acid  and  water,  but  what  are  the  in  termed  rate 
steps?  Just  as  lactic  acid  has  been  assumed  to  be  Bometimes  a 
stage  in  the  formation  of  sugar,  so  also  there  is  evidence  that 
it  ia  a  stage  in  its  breakdown.  We  know  that  certain  micro- 
organ  isma  possess  the  power  of  transforming  sugar  into  lactic  acid, 
and  even  still  further  into  butyric  acid  (see  fornmlie,  p,  395),  and 
Buchner  has  recently  asserted  that  lactic  acid  is  a  stage  in  the 
formation  of  alcohol  and  carbonic  acid  from  sugar  by  means  of  yeast. 
The  atoms  in  lactic  acid  (C^H^O^j)  are  in  the  same  proportion  as  in 
sugar  (CflHj^Oe),  but  of  course  they  are  very  dififerently  arranged, 
and  the  rearrangement  involved  in  the  conversion  of  the  one  into  the 
other,  or  vice  versd,  is  differently  explained  by  different  chemists. 
Lactic  acid  undoubtedly  occurs  in  the  body,  but  whether  it  all  comes 
from  sugar  is  extremely  doubtful  The  principal  lactic  acid  formed 
is  the  dextro-rotatory  variety  (sarco-lactic  acid),  whereas  that  formed 
in  fermentative  processes,  as  in  milk,  is  the  optically  inactive  variety. 
Now,  there  is  a  good  deal  of  evidence  that  sarco-lactic  acid  originates 
from  proteins;  for  instance,  in  the  birds  from  which  Minkowski 
removed  the  liver,  the  giving  of  protein  food  increased  the  lactic  acid 
(which  was  not  synthesised  in  the  absence  of  the  liver  into  uric  acid) 
of  their  urine,  and  we  have  further  seen  that  alanine  and  other 
protein  cleavage  products  are  possible  parent  substances  of  lactic 
acid.  Still,  if  we  admit  that  some  of  the  lactic  acid  is  of  carbohydrate 
origin,  and  the  admission  is  quite  justifiable,  we  must  remember  that 
sucli  a  breakdown  of  sugar  yields  no  heat;  the  calorific  value  of 
sugar  and  lactic  acid  being  equal  The  formation  of  lactic  acid 
involves  no  transformation  of  energy;  there  is  no  formation  of  animal 
heatt  or  of  its  equivalent  in  work,  and  so  the  change  is  merely  pre- 
liminary to  a  further  change  into  carbonic  acid  and  water,  in  which 
there  will  be  that  liberation  of  energy  which  it  is  the  main  object  of 
carbohydrate  breakdown  to  accomplish.  (Glycolysis  in  the  blood 
and  tissues  J  and  the  importance  of  glycuronic  acid  as  an  intemiediate 
substance  on  carbohydrate  cleavage,  are  discussed  on  p,  527). 

MetabollEm  of  Fat. 

Just  as  the  carbohydrate  of  the  food  is  the  usual  source  of  the 
carbohydrate  of  the  body,  so  the  fat  of  the  food  is  the  usual  source  of 
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the  fat  of  the  body.  But,  again,  fat  may  arise  from  something  which 
is  not  fat  in  tfao  food. 

During  absorptioG,  the  fatty  acid  and  glycerin  components  of  the 
fat  undergo  a  temporary  separation,  but  they  soon  reunite,  and  the 
fat  which  is  not  needed  for  immediate  use,  passes  md  the  chyle  and 
blood  to  the  cells  of  adipose  tissue  where  it  is  stored,  and  where  it 
has  the  aame  composition  as  it  had  in  the  food.  The  proportion  of 
the  olein,  stearin,  and  palm  i  tin  in  the  fat  of  an  animal  can  therefore 
be  varied  by  variations  in  their  proportion  in  the  food,  and  even  if 
Tmustial  glyceridea  or  unusual  fatty  acids  (such  as  linolein  from  linseed 
oil,  erucic  acid  from  rape-seed  oil,  or  iodised  fats)  are  administered, 
they  will  be  dkcoverable  in  the  storage  fat  of  the  body.  When  the 
fat  leaves  the  cells  of  adipose  tissue  for  utilisation,  that  is  combustion, 
it  is  apparently  again  split  into  its  constituents,  and  so  it  is  rendered 
soluble  in  the  blood  for  transportation;  the  ferment  which  brings 
this  about,  acta  just  like  steapsin  does  in  the  intestine,  and  it  is 
called  li^^dse.  Lipase  la  very  widely  distributed  in  the  tissues,  and 
its  action  is  a  reversible  one ;  it  can  tie  the  knot  or  untie  it  equally 
easily.  But  there  is  no  loss  of  energy  in  the  process  of  untying,  any 
more  than  there  is  in  the  formation  of  lactic  acid  from  sugar,  or  to 
use  the  technical  phrase,  the  reaction  is  an  inoihermic  one. 

But  the  fat  of  the  body  may  also  arise  from  carbohydrate  food. 
This  is  a  physiological  fact  which  was  first  firmly  established  by 
Lawea  and  Gilbert  in  their  classical  experiments  on  the  fattening  of 
cattle  and  sheep,  fifty  years  ago.  The  transformation  is  a  monopoly 
of  the  living  body:  chemists  were  inclined  to  regard  the  fact  as 
fiction,  and  they  have  never  been  able  to  repeat  it  in  the  laboratory. 
How  the  long  carbon  chains  of  the  fat  are  finked  together  from  the 
shorter  carbohydrate  chains  of  sugar  is  at  present  a  riddle.  Micro- 
organisms can  accomplish  the  change  of  lactic  acid  into  such  fatty  acids 
as  acetic,  butyric,  and  caproic ;  boiling  with  alkali  brings  about  a  similar 
reaction ;  and  the  same  sort  of  change  must  occur  in  the  body  with 
the  formation  of  higher  fatty  acids.*  The  liver  appears  to  be  the 
place  where  the  change  occurH, 

May  fata  also  arise  from  proteins?  This  is  a  controversial 
question.  Yoit  and  Pettenkofer  said  yes,  because  they  were  able  to 
fatten  dogs  on  lean  meat,  but  as  the  amount  of  fat  left  in  the  meat, 
and  the  glycogen  also  present,  were  not  taken  into  account,  their 

f>roof  can  hardly  be  considered  satisfactory.  The  majority  of  physio- 
ogists  to-day  either  answer  the  question  in  the  negative,  or  regard  it 
as  unproven  one  way  or  the  other.  They  adopt  thi^  attitude  because 
the  main  proof  adduced  by  those  who  believed  in  the  transformation 
of  protein  into  fat  has  been  shown  to  be  fallacious.     It  was  stated 

*  Thijse  intrrejstfd  m  spcfulations  in  this  and  other  metabolic  puiidefi  should 
consitilt  Loathes*  Prabi&m^  ir«  Animat  M^taholit^m^  published  by  John  Murray,  1906, 
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l^t  in  certain  pathological  conditioDs,  for  instance  in  pboBphorus 

poisoning,  a  fatty  dogeneration  of  cells  of  certain  organs  takes  place, 
and  the  fat  which  appeared  was  believed  to  originate  from  the  protein 
constituents  of  the  ceJl-protoplasm.  This  has  been  shown  to  be 
incorrect ;  every  case  of  so-called  fatty  degeneration  has  been  shown 
to  be  either  due  to  an  infiltration  of  fat  transported  from  elsewhere,  or 
to  a  transformation  of  the  fat  previously  present  in  the  protoplaam, 
although  not  in  the  form  of  droplets,  and  probably  also  not  in  the 
form  of  the  usual  glycerides.  In  many  cases,  the  total  fat  present  in 
this  concealed  form  in  the  cells  of  the  heart,  kidney,  and  liver,  may 
be  greater  than  when  with  disease  it  takes  the  form  of  droplets. 

With  regard  to  the  origin  of  glycerin,  there  is  no  doubt  that  the 
cells  are  able  to  produce  it,  as  was  shown  by  Munk's  experiments 
on  chyle,  which  are  referred  to  on  p,  533.  There  is  no  necessity  to 
suppose  that  it  originates  from  protein,  for  if  glycerin  can  be  con- 
verted into  sugar,  there  is  no  good  ground  tor  beUeving  that  the 
converse  does  not  also  take  place. 

On  katabolism,  the  fats  yield  the  same  ultimate  products  as  the 
carbohydrates,  namely,  carbonic  acid  and  water  A  great  deal  of 
the  oxygen  we  breathe  in  is  used  up  in  the  burning  of  fats,  and  the 
simtiltaneous  liberation  of  heat  and  work.  It  is  quite  certain  that 
sugar  is  an  important  source  of  muscular  energy,  but  the  fats  also 
play  the  same  role,  and  muscles  which  are  perpetually  at  work  like 
the  heart  ami  the  diaphragm  are  particularly  rich  in  fats.  No 
actual  lessening  of  the  fat  has  yet  been  demonstrated  to  occur  in  excised 
muscles  subjected  to  stimulation,  but  we  have  other  and  more  trust- 
worthy evidence  that  it  does  take  place.  During  muscular  work,  the 
output  of  carbonic  acid  is  increased,  but  the  respiratory  quotient 
(see  pp.  375,  388)  is  almost  unaltered ;  if  sugar  alone  was  undergoing 
combustion,  this  quotient  would  rise.  Again,  if  the  carbohydrate 
stores  of  the  body  are  depleted  by  inanition,  or  by  giving  phloridzin 
to  an  animal,  ^tili  muscular  work  has  but  little  influence  on  protein 
katabolism,  and  therefore  the  necessary  increased  combustion  must 
fall  on  the  fat.  But  how  the  long  cai'bon  chains  of  the  fats  are  taken 
to  pieces  and  burnt  up  is  entirely  a  matter  of  guess-work.  There  is 
just  the  same  fundamental  piece  of  blank  ignorance  staring  us  in  the 
face  in  the  case  of  the  proteins ;  we  know  something  of  the  way  the 
protein-nitrogen  is  disposed  of,  but  the  non -nitrogenous  residue 
(which  is  chiefly  fatty  acid  *  and  which,  like  a  fat,  is  used  for  com- 
bustion, and  as  a  source  of  heat  and  energy),  presents  exactly  the 
same  problem  as  the  fats  do  as  to  the  way  in  which  the  final  carbonic 
acid  and  water  are  formed  from  it. 

*  The  existence  of  tliis  non-nitrogeuoiis  and  fat-like  residue  of  proteitJ  should 
Ttmke  physiologists  hesit&te  before  tliey  finally  deny  tlie  posjs^ibLe  eon  version  of  tbe 
food-protein  and  tissue-protein  into  fat. 
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One  glimmer  of  light  in  the  darkness  has  entered  from  an  unex- 
pected quarter,  namely,  from  a  study  of  atsetonsemia  (see  also  p.  528). 
/3-oxybutyric  acid  arises  in  the  body  in  diabetes ;  this  by  oxidation 
in  the  body  is  partly  converted  into  aceto-acetic  acid,  and  this  in 
the  urine  loses  carbonic  acid,  and  so  is  partly  converted  into  acetone. 
This  group  of  products  were  at  one  time  believed  to  originate 
from  proteins ;  but  if  that  were  so,  there  ought  to  be  a  corresponding 
excess  of  other  protein  katabolites  in  the  urine,  which  there  is  not 
Acetonaemia  can  also  be  brought  on  in  healthy  people  by  cutting  off 
their  carbohydrate  food;  if  sugar  is  again  added  to  the  diet,  the 
acetrmaemia  ceases;  but  if  fat  is  added  instead,  the  acetonaemia 
increases;  fat  also  increases  acetoneemia  in  diabetes.  If  butyric  acid 
and  /3-oxybutyric  acid  are  normal  intermediate  products  in  fat  kata- 
bolism  (and  they  probably  are),  a  healthy  man  under  normal 
conditions  of  diet  is  able  still  further  to  oxidise  them  into  carlxjnic 
acid  and  water.  The  diabetic  patient  or  the  man  on  an  abnormal 
diet,  breaks  down  at  this  very  point 

There  is  one  other  interesting  question  of  fat  metaboliam  which 
we  must  mention.  We  have  considered  the  evidence  that  sugar 
given  in  the  food  will  become  transformed  into  fat  in  the  body.  Is 
there  any  evidence  that  fat  may  lye  converted  into  carbohydrate? 
In  vegetable  life  there  is ;  certain  seeds  rich  in  oil,  on  germination, 
lose  a  good  deal  of  their  fat,  and  what  is  lost  reappears  as  starch. 
There  is  also  evidence  of  the  same  aort  of  change  in  animal  life.  In 
animals,  glycosuria,  produced  by  phloridzin  or  extirpation  of  the 
pancreas,  is  intensified  if  fats  are  administered ;  the  sugar  cannot  be 
derived  from  protein  in  such  cases,  because  the  ratio  of  dextrose  to 
nitrogen  in  the  urine  is  much  too  high.  Pfliiger  fed  diabetic  dogs 
exclusively  on  boiled  cod,  which  in  the  winter  months  contains  no 
glycogen  and  only  a  trace  of  fat;  they  continued  to  pass  sugar 
in  their  urine,  and  in  the  course  of  a  month  one  of  these  dogs,  which 
may  be  kiken  as  a  sample  of  the  others,  passed  more  than  five 
pounds  of  sugar  over  and  above  that  which  could  be  accounted  for 
by  any  carbohydrate  of  the  animal's  body.  This  sugar  must  there- 
fore have  been  derived  either  from  fat  or  from  protein,  Pfliiger 
holds  that  it  all  came  from  fat,  and  certainly  the  dog  when  it  was 
killed  had  no  visible  fat  in  its  connective  tissues;  and  the  dextrose- 
nitrogen  ratio  was  so  variable  that  it  is  difficult  to  ascribe  the  sugar 
formation  to  protein  cleavage.  The  seat  of  the  conversion  of  fat 
into  sugar  is  the  liver ;  in  diabetic  patients  the  liver  is  always  the 
richest  in  fat;  so  it  was  with  Pflliger's  diabetic  dogs.  In  these 
animak  the  increased  work  thrown  upon  the  liver  led  to  a  great 
enlargement  of  that  organ,  and  in  one  case  it  had  enlarged  to  five 
times  the  size  it  has  in  cases  of  ordinary  starvation.  The  fact  that 
ammonium  carbonate  increaaes   the  sugar   formed   iu   diabetes    is 
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ascribed  by  Pfliiger  to  the  stimulating  effect  tbia  aalt  has  on  the 
functions  of  the  hver,  not  only  in  relation  to  urea  formation,  but 
also  in  connection  with  the  transformation  of  fat  into  sugar.  Pfliiger 
has  always  strenuously  resisted  the  notion  that  protein  is  a  source 
of  carbohydrate,  although  the  fact  that  his  dogs  received  only 
protein  food  would  appear  to  support  this  view.  That  such  a 
keen  observer  as  Pfliiger  has  come  to  the  opposite  conclusion,  that 
even  in  this  case  fat  is  the  real  source  of  the  sugar,  will  indicate  to 
the  student  how  difficult  the  problems  of  metabolism  are,  and  how 
impossible  it  is  at  present  to  make  definite  assertions  one  way  or 
the  other.  We  must,  therefore,  keep  an  open  mind  on  this  subject; 
we  have  already  seen  some  positive  evidence  that  protein  does  yield 
carbohydrate,  and  Pfl  tiger's  work  shows  us  that  sugar  may  also 
originate  from  fat  There  is  no  reason  for  absolutely  rejecting  either 
set  of  proofs,  and  we  may  for  the  present  conclude  that  sugar  may 
arise  in  both  ways.  We  have  already  seen  the  chemical  difficulties 
of  explaining  how  sugar  c^n  be  converted  into  fat;  the  difficulty  of 
explaining  tho  converse  change  is  equally  great. 


Metabolism  of  Protein. 

In  our  discussion  of  the  origin  of  urea  in  the  urine,  we  have 
mentioned  some  of  the  main  facts  in  relation  to  the  metabolisin 
of  protein?,  and  it  would  be  well  if  the  student  again  reads  these 
pages  (pp,  567  to  569)  before  studying  the  paragraphs  which  now 
follow ;  for  the  laws  which  govern  the  composition  of  urine  are 
the  effect  of  more  fundamental  laws  governing  prot-ein  kata holism. 

Lie  big  was  the  first  to  divide  foods  into  flesh-forming  and  heat- 
forming,  that  is,  into  those  which  repair  the  tissue  waste,  and  those 
which  are  not  so  intimately  assimilated  into  the  protoplasm,  but  are 
utilised  as  sources  of  energy.  The  latter  function  is  the  one  per- 
formed by  the  fats  and  carbohydrates,  and  the  former  is  more 
particularly  the  duty  of  the  proteins.  This  idea  is  reflected  in  the 
popular  use  of  the  term  nutritious ;  it  is  used  almost  sjTionymously 
with  nitrogenous,  and  the  notion  that  the  non-nitrogenous  foods, 
although  they  form  the  greater  part  of  our  daily  diet,  are  not 
nutritious  and  next  door  to  useless,  is  a  most  mischievous  one, 
though  it  is  carefully  fostered  by  the  advertisers  of  patent  foods. 
Both  kinds  of  food  are  equally  necessary,  and  equally  though 
differently  nutritious. 

It  is  now  known  that  the  proteins  are  not  only  flesh-formers, 
but  also  that  they  play  the  other  n^ile  in  nutrition  and  act  as  a  source 
of  energy.  The  complete  breakdown  into  amino-aeids  which  occurs 
in  the  gastro-inteatinal  tract,  has  in  fact  a  double  signification.  It 
enables  the  cells  of  tho  body  to  construct  from  the  cleavage  products 
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Qm  proteins  peculiar  to  themselves,  and  it  further  enables  the  body 
to  easily  rid  itself  of  the  nitrogenouB  portions  of  the  food-proteins 
which  are  not  wanted  for  the  repair  of  tissue  waste.  This  portion  is 
never  really  assimilated  in  the  sense  that  it  is  built  into  protoplasm. 
but  it  is  taken  in  by  the  liver  cells,  which  rapidly  convert  it  into 
urea  and  eo  render  it  harmless.  The  non-nitrogenous  moiety  is 
then  utilisable  for  energy  and  heat  production. 

In  8tar%^ation,  the  income  of  the  body  is  limited  to  oxygen,  but 
if  water  is  given  also,  an  animal  will  generally  live  a  little  over  four 
weeks.  During  this  time  the  excretion  of  uitrogenons  and  carbona* 
oeous  waste  continues  and  the  body  loses  weight  day  by  day.  The 
eicretion  of  carbon  dioxide  continuously  falls  until  death  supervenes. 
The  nitrogen  of  the  urine  falls  also  within  the  first  few  days,  and 
then  remains  at  a  low  but  constant  level  to  the  end  of  the  fourth 
week.  Then  for  the  few  days  preceding  death,  its  amount  again 
increases.  By  this  date  nearly  every  trace  of  the  fat  of  the  body 
has  disappeared,  and  so  the  cells  fall  Imck  on  their  more  precious 
protein  material  and  consume  it  in  greater  quantity  than  before. 
The  nitrogen  elimination  during  the  weeks  when  it  remains  constant 
is  also  derived  from  the  proteins  of  the  body,  for  there  is  none 
coming  in,  in  the  way  of  food.  It  might  be  thought  if  at  this  time 
an  amount  of  protein  food  containing  the  same  quantity  of  nitrogen 
as  was  being  lost  by  the  body,  was  administered,  that  the  loss  of 
nitrogen  from  the  body  would  be  checked,  and  that  the  tissues  would 
seize  the  opportunity  of  repairing  their  waate.  But  this  is  not  the 
case ;  what  happens  is  that  the  amount  of  nitrogen  lost  in  the  dog  is 
almost  doubled ;  and  this  is  an  undoubted  proof  that  nearly  all  the 
protein  in  the  food  is  disintegrated  and  its  nitrogen  discharged 
within  the  twenty-four  hours.  In  order  to  get  nitrogenous  equili- 
brium, it  is  necessary  to  give  in  the  day  two  and  a  half  times  as 
much  protein  as  is  lost  during  starvation  in  that  period  of  time. 
This  was  one  of  the  earhest  proofs  adduced  that  all  the  food  protein 
is  not  used  in  tissue  repair,  and  it  led  Voit  to  formulate  his  cele- 
brated theory  of  the  distinction  between  '*  tissue  protein  "  and  what 
he  termed  **  circulating  protein."  The  latter  expression  was  coined 
because  Voit  believed  that  the  kataboliam  of  this  variety  of  protein 
occurred  in  the  blood,  or  at  any  rate  in  the  tissue  juices.  In  fact, 
he  considered  that  kata holism  occurred  only  in  the  "circulating 
protein,"  the  small  amount  of  '*  living  protein "  which  dies  being 
dissolved  and  so  added  to  the  "  circulating  protein  "  before  katabohsm 
occurs.  Voit's  great  opponent  was  Ptliiger,  and  for  many  years 
Pfliiger^s  theory  replaced  Voit*s;  this  theory  states  that  all  protein 
must  first  become  assimilated ;  that  is,  mnst  be  built  into  and  become 
part  and  parcel  of  living  protoplasm  before  it  undergoes  kataljohsm. 
Pfluger  did  good  service  in  emphasising  the  importance  of  the  ceils 
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in  metabolic  processes,  and  we  certainly  do  not  now  believe  that 
respiration  or  any  other  metabolic  process  has  its  seat  in  the  eircuk- 
ting  fluids.  But  at  the  same  time  Voit's  theory  possesses  the  conect 
underlying  idea  which  forms  the  basis  of  our  present  doctrine  of 
metabolism.  In  every  living  tissue  there  exists  a  framework  of 
what  we  may  call  more  distinctly  living  substance,  the  metabolism 
of  which  is  constant  and  does  not  give  rise  to  massive  discharges  of 
enei^y;  in  the  interstices  of  this^  are  various  kinds  of  material 
related  in  different  degrees  to  this  framework ;  these  materials  are 
leas  eminently  living,  and  the  chief  part  of  the  energy  set  free  comes 
directly  from  the  metabolism  of  some  or  other  of  this  material 
Both  the  framework  and  the  intercalated  material  undergo  meta- 
bolism, and  have  in  different  degrees  their  anabolic  and  katal)ohe 
changes;  both  are  concerned  in  the  hfe  of  the  organism;  but  one 
more  directly  than  the  other.  When  we  now  speak  of  tndogmam 
protein  metabolism  we  refer  to  that  in  the  material  highly  endowed 
with  life;  when  we  apply  the  term  exogenous proUin  metaholum  to 
the  changes  by  which  the  liver  brings  about  the  conversion  of  amino- 
acids  from  the  food  into  urea,  we  refer  to  its  action  on  intercalated 
material,  and  no  longer  use  the  phrase  '*  circulating  protein/*  | 

We  ha\'e  already  discovered  in  our  study  of  the  urine,  that 
exogenous  protein  katabolism  is  mainly  represented  in  the  urine  by 
urea  and  inorganic  sulphates;  while  the  final  katalx^lites  of  endo- 
genous metabolism  are  substances  like  creatinine  and  '*  neutral 
sulphur'';  but  there  is  no  doubt  that  some  urea  is  formed  also:  this 
is  seeUi  for  instance,  during  starvation. 

Let  us  consider  a  man  taking  the  customary  Yoit  dietary  of ' 
16  or  17  grammes  of  nitrogen  in  his  daily  food ;  probably  only  a 
quarter  or  oven  less  of  this  is  destined  for  endogenous  use,  and  the 
protein  sufficient  to  maintain  this  is  indispensable.  Would  it  be 
possible  to  dispense  entirely  with  the  amount  which  is  exogenonsly 
metabolised,  and  reduce  our  protein  intake  to  the  low  level  of  say 
4  grammes  of  nitrogen  fnr  diem.  The  old  observations  on  starving 
animals  we  have  just  referred  to  shows  that  this  would  not  be 
possible ;  the  minimum  is  not  the  optimum ;  and  even  Chittenden 
(see  p.  471)  does  not  recommend  a  reduction  lower  than  7  or  8  daily 
grammes  of  nitrogen*  If  an  animal  cell  is  presented  only  with 
protein  food,  it  takes  and  uses  it  eagerly,  even  although  it  may  not 
ultimately  build  much  of  it  into  protoplasm.  If  substances  like  fat, 
carbohydrate,  or  the  incomplete  protein  we  call  gelatin,  is  presented 
to  it  also,  the  amount  of  protein  necessary  is  reduced,  and  so  w© 
speak  of  such  foods  aa  Ijeing  "protein-sparing/' 

The  important  character  of  Chittenden's  work  lias  given  the 
faddists  on  matters  of  diet  an  important  opportunity  of  being 
listened  to*      There  la,  for  instance,  a  group  of   these   to   whom 
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the  very  necessary  act  of  chewing  has  assumed  almost  the  nature 
of  a  religious  ceremony,  and  they  have  sought  to  convince  mankind 
of  its  superlative  importance.  These,  however,  need  not  concern 
U3,  but  there  are  some  even  in  the  scientific  world  who  seem  almost 
to  believe  that  the  law  of  conservation  of  energy  does  not  apply  to 
the  chemical  changes  in  a  living  animal  They  cita  instancos  of 
people  who  do  a  large  amount  of  work,  and  do  it  upon  what  most 
would  regard  as  an  insufficient  diet,  without  detriment  or  loss  of 
body- weight.  If  a  man  only  receives  food  in  the  day  of  the  energy 
value  say  of  1500  large  calories,  and  the  heat  he  produces  and  the 
work  he  does  are  equivalent  to  2000;  then  the  additional  500 
must  have  come  from  his  internal  resources,  and  he  must  have  used 
up  some  of  the  material  formerly  stored  in  his  body.  This  is  as 
certain  as  the  fact  that  one  and  one  make  two.  It  is  quite  conceiv- 
able that  his  body  may  not  hiive  lost  weighty  but  nevertheless  fat 
may  have  disappeared,  and  been  replaced  by  an  equivalent  weight 
ol  water,  and  excess  of  carbohydrate  food  which  usually  is  a  char* 
acter  of  the  diets  of  such  people  is  just  the  sort  of  diet  likely  to 
cause  retention  of  water  in  the  body. 

We  have  in  our  mention  of  the  Chittenden  diet  alluded  to  several 
circumstances  that  should  make  us  hesitate  before  we  accept  his 
conclusiona  to  the  fuU.  Many  people  eat  too  much;  would  it  be 
advisable  for  us  all  to  eat  too  littki  and  is  Chittenden's  diet  too 
scanty  ? 

No  doubt  the  over-eaters  would  benefit  by  eating  too  little  for  a 
time.  They  would  give  their  overtaxed  digestive  and  secretory 
organs  a  necessary  resti  and  have  time  to  consume  some  of  their 
accumulated  stores  of  material.  It  is  quite  possible  that  the  benefit 
noticed  in  some  of  the  subjects  of  Chittenden's  experiments  might 
have  been  due  to  such  a  circumstance  as  this,  or  to  the  regular  life 
they  were  compelled  to  live,  quite  apart  from  diet  altogether.  But 
to  eat  too  little  as  an  ordinary  and  permanent  thing  is  quite  another 
matter ;  and  it  is  interesting  to  be  able  to  record  that  most  of  the 
subjects  of  Chittenden's  experiments  have  now  returned  to  their 
previous  dietetic  habits. 

So  far  as  it  is  possible  to  read  history  correctly,  man  has  always 
where  he  can  taken  instinctively  more  protein  than  Chittenden 
would  allow  him,  and  with  few  exceptions,  the  meat  eating  nations 
are  those  which  have  risen  to  the  front. 

So  far  as  it  is  possible  to  draw  correct  deductions  on  questions  of 
diet  from  animals  to  man,  a  restricted  diet  over  a  long  period  has 
proved  detrimental  Moreover,  a  careful  study  of  Chittenden's  own 
analytical  figures,  such  as  Benedict  has  made,  shows  there  was  in 
some  cases  distinct  impairment  of  absorptive  power. 

But  still  the  question  remains,  why  an  apparently  large  excess  of 


608 


OEKIRAL  MM^ABOLBII 


[CH.  XXIIX 


nitrogen  which  ths  body  casta  out  within  a  few  hours  should  be 
advisable?  The  answer  to  this  appears  to  be,  that  though  most  of 
the  cleavage  products  are  dealt  with  in  this  way,  there  are  probably 
some  which  are  especially  precious  for  tissue  reconstruction,  and  it 
is  for  these  that  wo  put  up  with  the  excess  of  waste.  The  large  size 
and  activity  of  the  normal  liver  seem  to  be  for  the  express  purpose 
of  dealing  with  this  waste  rapidly. 

Nature  does  not  work  in  mininiumB :  Leathes  puts  it  very  well 
when  he  says  it  is  not  considered  unphysiological  to  take  more  food 
than  will  yield  the  minimum  of  fsecal  refuse ;  and  he  also  points  out 
that  in  the  infant,  even  allowing  for  its  growth,  the  normal  amount 
of  milk  provided  for  it  by  nature  is  ten  timers  greater  than  would 
appear  to  i>e  the  neceaaary  mimmum ;  and  this  is  probably  a  safer 
argument  than  the  one  so  often  used  when  the  instinctive  habits  of 
past  centuries  of  adults  are  appealed  to. 

We  may  also  draw  a  useful  lesson  from  diseasa  In  the  modem 
treatment  of  consumption,  the  open  air  cure  is  combined  with  a  steady 
process  of  genercma  feeding;  in  certain  cases  of  nervous  breakdown, 
an  important  part  of  the'*  rest  cure"  is  the  providing  of  abundant 
iod  appetising  meals.  One  can  hardly  doubt  that  much  of  the 
benefit  noticeable  in  both  classes  is  due  to  the  "reserve  energy" 
provided,  enabling  the  body  more  fully  to  grapple  with  the  malady. 
"Reserve  ener^"  may  be  objected  to  as  a  %'ague  phrase  which, 
though  comforting  to  those  who  use  it,  is  nevertheless  very  difficult 
to  explain.  There  is  a  good  deal  of  reason  in  such  an  objection,  for 
"  reserve  force  "  is  difficult  to  define  clearly.  We  have*  for  instance, 
no  knowledge  of  any  storage  places  for  protein,  in  the  same  way  m 
which  the  liver  and  adipose  tissue  act  as  storehouses  for  carbohydrate 
and  fat  respectively.  But  it  is  an  undoubted  factor  all  the  same ; 
many  people  have  more  of  it  than  others;  and  this  "stamina/'  as  it 
is  sometimes  called,  is  a  lucky  possession  for  those  who  have  it. 
Eeaearcli  on  immunity  has,  however,  shown  us  that  this  is  in  part  due 
to  the  condition  of  our  leucocytes,  and  the  opsonic  power  of  the 
blood -plasma  (see  p.  455),  It  may  be  that  it  is  in  this  direction, 
among  others,  that  the  abundance  of  protein  food  may  assist  us  in 
repellmg  diseasa  Each  leucocyte  may  not  require  much  in  the 
way  of  repair  every  day,  but  it  is  more  likely  to  get  this  '*  stitch  in 
time"  if  there  is  an  abundant  supply  of  repaiiing  material 
available. 

Eubner  has  called  attention  to  what  he  terms  the  specific  dynamic 
action  of  food*stuffs.  Weight  for  weight,  fat  yields  more  heat  when 
burnt  than  protein  does,  and  outside  the  body  it  is  more  easily 
combuBtible  than  either  protein  or  carbohydrate.  Inside  the  body 
it  is  just  the  reverse;  proteins  are  the  most  readily  burnt  of  any 
food  material,  and  fats  the  least.     In  other  words,  proteins  have  i 
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specific  value  in  stimulating  metabolism,  and  so  leading  to  an 
increase  of  oxiJafcion  in  the  l)o«l)%  Some  of  the  subjecta  of 
Chittenden's  experiments  suffered  intensely  from  the  cold  in  the 
winter,  and  this  use  of  protein  must  not  be  lust  sight  of  in  settling 
the  right  araount  which  we  should  take  in  our  daily  food. 

Some  attempt  has  been  made  to  detcrmme  which  of  the  protein  cleavn^e 
products,  or  Bausteine,  to  use  the  German  term,  are  apeciaMy  valuable  in  the  bodj^ 
either  far  the  synthesis  of  tissue  protein,  or^  as  Hopkins  has  suggested,  for  the 
formation  of  the  special  honiiones  or  cbemical  messengers  of  the  body,  such  aa 
Jidrenaline.  Vegetable  proteins  are  not  so  nutritious  as  those  of  animal  origin,  and 
this  does  not  aeera  to  be  whoQy  due  to  the  fact  that  they  are  not  £0  readily 
digestible.  Kesearch  on  their  Bausteine  seems  to  show  that  they  are  not  r^ly 
the  same  as  the  animal  proteins  ;  this  is  exemplifie<l  by  their  hi^h  yield  (often  over 
30  per  cent.)  of  glutamic  acid.  Barker  o^ud  Cohoe  have  pointed  out  that  some 
articles  of  diet  wiM  **agrt*e  *'  and  others  '*  disagree"  with  people.  On  the  supposi- 
tion that  this  may  be  due  to  the  distribution  of  the  nitrogen,  they  made  determina- 
tion of  the  rnono^amino-nitrogen,  di-aTiiino-aitrogen,  etc*,  in  various  foods  (veal, 
pork,  sirloin,  chicken,  fish,  ete,),  and  have  found  very  striking  differences  between 
them.  The  ultimate  valuation  of  these  results  is  for  the  future,  but  this  Is  the  sort  of 
work  which  must  be  done  before  our  knowledge  can  be  based  on  the  bed-rock  of 
experiment 

At  present  we  can  only  make  a  rough  giicss  as  to  which  of  the  Bausteine  are 
the  more  precious  building  atones ;  but  it  does  appear  that  phenyl-alanine  and  its 
near  relative  tyrosine  are  such;  for  when  they  are  injected  into  the  blood-stream 
they  do  not  reappear  as  urea  in  the  urine.  We  also  know  that  proteins  which 
yield  no  tyrosine,  such  as  gelatin i  are  of  inferior  value  as  food*  Gelatin  is  also 
d^titute  of  the  tryptophane  ladicaU  and  probably  tryptophane  is  specially  useful 
too,  Zein,  the  protein  of  maizt,  lacks  tryptophane*  and  if  tryptophane  is  added  to 
a  zeln  diet,  animals  fed  on  the  mixture  thrive  better  than  those  whose  sole 
nitrogenous  food  is  zctn.  Histidinc  and  pyrrolidine  have  ticen  suggested  as  being 
in  the  same  category,  but  here  again  we  must  a  wait  further  information. 


Inanition  or  StarvatioJi. 

During  starvation  the  body  gradually  loaas  weight ;  the  tempera- 
ture,  after  a  preUminary  rise,  sinks;  the  functions  get  weaker  by 
degrees,  and  ultimately  death  ensues  when  the  body  has  lost  about 
50  per  cent,  of  its  original  weight  Death  imij  be  delayed  somewhat 
by  artificial  warmth,  so  that  the  strain  on  the  internal  production  of 
heat  is  not  so  great.  If  water  is  given,  life  may  continue  for  rather 
more  than  a  mouth.  The  age  of  the  animal  influences  the  time  at 
which  death  occurs.  This  statement  was  originally  made  by 
Hippocrates,  and  has  been  borne  out  by  the  experiments  of  Martigny 
and  Chosaat-  Young  animals  lose  weight  more  quickly,  and  die 
after  a  smaller  loss  of  weight  than  old  ouea. 

The  following  table  from  Eanke's  experiment  on  himself  repre- 
sents by  the  balance-sheet  method  the  exchange  for  a  period  of 
twenty-four  hours,  the  same  time  having  elapsed  since  the  last 
meal 
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loooBM,  doe  to  Bl4lnl«gnlba  of  Ti^mm.        . 
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Oftrton. 

Nitrogen. 
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Protein .       60  gr. 

F»t        .      200  „ 

7-8 
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2S-6 
167*6 

Urine   ,        -        . 
Respiration  (COJ 

7-8               3-4 

013            lSO-€ 

7^a 

184-0 

j-s 

184-0 

The  ercretioii  of  nitrogen  falls  quickly  at  the  commencement  of 

Btarvation,  and  even  on  the  first  day  the  above  table  showa  us  it  has 
sunk  to  half  the  normal.  This  leasening  goes  on  for  a  few  days, 
after  which  it  reraaias  constant ;  about  the  end  of  the  fourth  week  it 
rifles  again  when  the  fat  of  the  animal  has  been  used  up,  and  the 
body  makes  an  increased  call  on  the  protein  constituents  of  its 
protoplasm.  With  the  onset  of  symptoms  of  approaching  death, 
which  is  sometimes  accompanied  by  convulsions,  the  excretion  of 
nitrogen  rapidly  falls  again.  The  sulphates  and  phosphates  of  the 
urine  show  much  the  same  series  of  changea  The  discharge  of 
carbonic  acid  and  the  intake  of  oxygen  fall  continuously  over  the 
whole  period. 

It  is  important  to  note,  that  wasting  does  not  occur  to  an  equal 
extent  in  all  the  tissues  and  organs.  Those  which  are  most  essential 
to  life  are  fed  at  the  expense  of  the  others ;  thus  the  heart  loses  little 
or  none,  and  the  central  nervous  system  loses  at  most  3  per  cent,  of  its 
weight  The  fat  nearly  all  disappears,  at  least  97  per  cent,  of  it 
being  used  up ;  muscles  lose  30  per  cent,  of  their  original  weight, 
and  most  of  the  other  organs  suffer  also  but  in  var>ing  degrees. 
Taking  the  total  loss  as  100»  Voit  gives  the  loss  due  to  that  of 


individual  organs  as  folk 

)WSr — 

Bone , 

5*4 

Pancreas  , 

.     04 

Brain  and  cord  . 

0-1 

Muscle 

42-2 

Lyngfl 

.      0-3 

Skin  and  hair    . 

8-8 

Liver 

4*8 

Heart       . 

,      O'O 

Fat    .        .        . 

2e*2 

Kidneys     . 

0-6 

Testes       , 

.     O'l 

Blood 

37 

Spleen 

0*6 

Intestines 

.      2*0 

Other  ptitis 

5-0 

CHAPTER    XL 


AKDf  AL  HEAT 


Among  tha  mc^t  important  results  of  the  chemical  processes  we  sum 
up  under  the  term  metabolism,  is  the  productiou  of  heat  Heat,  like 
mechanical  motion,  is  the  result  of  the  katabolic  side  of  metabolic 
pfoceases ;  the  result,  or  accompaniment,  that  is  to  say,  of  the  forma- 
tion of  carbonic  acid,  water,  and  other  simple  products. 
Animals  may  be  dirided  into  two  great  elaksee  : — 

(1)  Warm-blooded  or  hommothermal  animals,  or  those  which  have 
an  almost  constant  temperatnra    (Mammals  and  birds.) 

(2)  Cold-blooded  or  poikUoth^mal  animals,  or  those  whoae 
temperature  varies  with  that  of  the  surrounding  medium,  being 
always,  however,  a  degree,  or  a  fraction  of  a  degree,  above  that  of  the 
medium.  This  claas  includes  reptiles,  ampMbians,  fish,  embryonic 
birds  and  mammals,  and  probably  most  invertebrates 

The  temperature  of  a  man  in  health  varies  but  slightly,  baing 
between  36  5'  and  37 '5'  C,  (98'  to  99^  F,).  Most  mammals  havs 
approximately  the  same  temperature  :  horse,  donkey,  ox,  37"5**  to  88* ; 
dog,  cat,  38^5'  to  39^ ;  sheep,  rabbit,  38"  to  39*5" ;  mouse,  37*5' ;  rat, 
37"9\  Birds  have  a  higher  temperature,  about  4T  C-  The  tempera* 
ture  varies  a  little  in  different  parts  of  the  body,  that  of  the  interior 
being  greater  than  that  of  the  surface ;  the  blocwl  coming  from  the 
liver  where  chemical  changes  are  very  active  is  wanner  than  that  of 
the  general  circulation ;  the  blood  becomes  rather  cooler  in  its  passage 
through  the  lungs. 

The  temperature  also  shows  slight  diurnal  variations,  reaching  a 
maximum  about  4  or  5  P.M.  (37*5 '  C.)  and  a  minimum  about  S  A.M. 
(36^8'  Q);  that  is,  at  a  time  when  the  functions  of  tho  body  ^m  least 
activa  If,  however,  the  habits  of  a  man  are  altered,  and  he  sleeps  iu 
the  day,  working  during  the  night,  the  times  of  the  maximum  and 
minimum  temperatures  are  also  inverted.  Inanition  oauses  the 
fcemperaturo  to  fall,  and  just  at  the  onset  <*f  death  it  may  bi'  k^luw 
30"  C.  Active  muscular  exercise  raises  tho  temperature  teinpoTariiv 
000  2  Q 


by  about  0  5   to  l'^  C.     Diseases  may  cause  the  temporatura  t«  vary 

considerably,  especially  those  which  we  term  febrUe. 

A  mrre  iaciease  In  the  produt^tion  of  heat  docs  not  necessarily  cause  fever.  The 
ndimaisti-atioa  of  food  causes  increased  combustion  in  the  body*  but  there  is  no 
rise  of  temperature  in  health  because  pari  ptum  with  the  ioi're&sed  production 
there  is  increased  loss  of  heat  SimilEirlyi  diminution  in  the  loss  of  heat  such  as 
occurs  on  a  hot  as  compared  with  a  cold  daj-  does  not  produce  fever  because  the 
production  of  heat  within  the  body  is  (^orrespondiiis-ly  diminished.  A  febrUc 
condition  may  however  otHnr,  if  tight-fitting  and  otherwise  unsuitable  clothing 
which  interferes  with  the  proper  action  of  the  skin  is  worn  in  hot  weather ;  this  Is 
the  frequent  cause  of  '*  heat-stroke'*  among  soldiers  in  tlie  tropics. 

In  fever  there  is  increased  producUcm  of  heat,  as  is  shown  by  mctaboiic  balance^ 
sheets  ;  the  intake  of  food  is  usually  small,  and  the  discharge  of  carbon*  oitrogeo, 
etc,  results  mainly  from  tissue  di^sint^ration :  this  is  even  greater  than  in  ordinaiy 
inanition  ;  the  tissues  are  said  to  be  in  a  '*  labile  "  condition,  that  is,  tliey  are  ^ily 
broken  down.  Usually  the  skin  is  dry,  the  sweat  glands  like  most  of  the  secretory 
glands  bein^  compamtivcly  inactive,  and  so  the  dLscharge  of  heat  is  lessened.  The 
skin,  however,  may  sometimes  be  bathed  in  perspirsition  and  yet  high  fever  be 
present.  Ihe  essential  cause  of  the  high  temperature  in  fever  is  neither  increased 
formation  nor  diminished  discharge  of  heat,  but  an  interference  with  the  reflex 
mcchanisnj  which  in  health  operates  so  as  to  equalise  the  two- 

Although  certain  mechanical  actions,  such  as  friction,  due  to 
movements  of  varioua  kinds,  may  contribute  a  minute  share  in  the 
production  of  heat  in  the  body,  yet  we  have  no  knowledge  as  to  the 
actual  amount  thus  generated.  The  great  source  of  heat  is,  as 
already  stated,  chemical  action,  especially  oxidation.  Any  given 
oxidation  will  always  produce  the  same  amount  of  heat.  Thus,  if  we 
oxidise  a  gramme  of  carbon,  a  known  amount  of  heat  is  produced, 
whether  the  element  be  free  or  in  a  chemical  compound.  The  follow- 
ing figures  show  the  approximate  number  of  heat-units  produced  by 
the  combustion  of  one  gramme  of  the  following  subs  tan  cea  A  heat- 
unit,  or  calorie,  is  the  amount  of  heat  necessary  to  raise  the  tempera- 
ture of  one  gramme  of  water  1""  C. : — 


I 


Hydrogen 
Carbon 
Urea  . 
Albumin 


31602 
8100 

5(500 


Fat      , 
Cane  sugar 
Starch 


HOO 
3950 
4100 


It  is,  however,  most  important  to  remember  that  the  "  physiologi- 
cal heat- value "  of  a  food  may  be  different  from  the  "  physical  heat- 
value,"  Ic,  the  amount  of  heat  produced  by  combustion  in  the  body 
may  be  different  from  that  produced  when  the  same  amount  of  the 
same  food  is  burnt  in  a  calorimeter.  This  is  the  case  with  the  pro- 
teins, because  they  do  not  undergo  complete  combustion  in  the  body, 
for  each  gramme  of  protein  yields  a  third  of  a  gramme  of  urea,  which 
has  a  considerable  heat-value  of  its  own.  Thus  albumin,  which,  by 
complete  combustion,  yields  5600  heat-unita,  haa  a  phyaiologlc&l 
heat-value  =  5600  rni^t^^  one-third  of  the  heat-value  of  urea  (2530) 
—  6600  —  846^4754  Buhner  has  shown  that  this  figure  must  be 
reduced  to  nearly  4000,  as  some  of  the  imperfectly  burnt  products 
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of  decompositioii  of  protems  escape  as  uric  acid,  cr&atmme,  etc,,  in 
the  urine,  and  there  is  a  Binall  quantity  of  aimilar  substances  in  the 
faeces.  An  J  difference  between  the  phjmcal  and  physiological  heat- 
valnes  of  fats  and  carbohydrates  may  be  neglected,  provided  all  the 
fat  and  carbohydrate  in  the  food  ia  absorbed. 

Of  the  heat  produced  in  the  body,  it  is  estimated  by  Helmholtz 
that  about  7  por  cent  is  represented  by  external  mechanical  work, 
and  that  of  the  remainder  about  four-fifths  are  discharged  by  radia- 
Uon,  conduction,  and  evaporation  from  the  akin,  and  the  remaining 
fifth  by  the  lungs  and  excreta.  This  is  only  an  average  estimate, 
subject  to  much  variation,  especially  in  the  amount  of  work  done. 

The  following  table  exhibits  the  relation  between  the  production 
and  discharge  of  energy  in  twenty-four  hours  in  the  human  organism 
at  rest,  estimated  in  calories:*  The  table  conveniently  takes  the  form 
of  a  balance-sheet  in  which  production  and  discharge  of  heat  are  com- 
pared ;  to  keep  the  body -temperature  normal  these  must  be  equal 
The  basis  of  the  table  in  the  left-hand  (income)  side  is  the  same  as 
Banke's  diet  (see  p.  471)  :• — 


FroduaiiQn  nfhmU. 


Protein  (100  grO 
FatClOOm-O 
CarbohyJmtea 
(-250gr.  atftrch)) 


100:^4000  = 
100  :<  9400  = 


CiklorlM. 
400,000 
940^000 


.4160  =  1,040,000 


2,330,000 


Warming  water  in  food, 

2*6kiloa.  -25=a=      56,000 

WHrming  air  in  respimtion, 

16  kilos.  ^25   sO'24-      96.000 
Ev^aporation  in  lungs » 

630  RT.  .582^  366,560 
Radiation,  evaporatton,  etc,< 
at  surface,  pttu  the  thermal 
equiraient  of  mechanical 
work  done  accounts  for  the 
remaJnder  .        *        *        ,     1,352,340 

2,380,0{K) 


The  figures  under  the  heading  Production  are  obtained  hy  multi* 
plying  the  weight  of  food  by  its  physiological  heat- value.  The 
figures  on  the  other  aide  of  the  halance-sheet  are  obtained  as  follows  : 
The  water  in  the  food  is  reckoned  aa  weighing  2  6  kilos.  This  is 
supposed  to  he  at  the  temperature  of  the  air  taken  as  12'  C* ;  it  has 
to  be  raised  to  the  temperature  of  the  body,  37''  G,  that  is,  through 
SS*"  C.  Hence  the  weight  of  water  multiplied  by  25  gives  the  number 
of  calories  expended  in  heating  it>  The  weight  of  air  is  taken  as 
weiglnng  16  kilos. ;  this  also  has  to  be  raised  25'  C,  and  so  to  be 
multiphed  by  25;  it  has  further  to  be  multiplied  by  the  relative  heat 
of  air  (0*24)*    The  630  grammes  of  water  evaporated  in  the  lungs 

*  The  calorie  we  arc  taiiing  Is  sometimes  called  the  !imull  caloric ;  by  some  the 
word  cahH4  U  used  to  denote  the  amount  of  heat  necessary  to  raise  one  kilogmmnie 
of  water  V  (X    This  \s  called  the  krge  caloric. 
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iimst  \m  multiplied  by  the  potential  or  lataat  heat  of  steam  at  37"  C 
{5B2) ;  the  porLion  of  heat  tost  by  radiation,  conduction,  and  evapora- 
tion from  th©  skin  constitutes  about  four -fifths  of  the  whole,  and  ia 
obtained  by  deducting  the  three  previous  amounts  from  the  total 
This  table  does  not  take  into  account  the  small  quantities  of  heat  lost 
with  urine  and  faces.  We  are  further  supposing  that  the  man 
remains  of  constant  weight,  so  that  there  is  no  storage  or  loss  of 
material,  and,  therefore,  of  energy  in  the  body.  He  is  also  supposed 
to  be  at  rest,  and  therefore  the  amount  of  work  done  is  only  what  is 
called  internal  work,  le.,  maintaining  the  circulation,  respiration,  eta 

It  need  hardly  be  remarked  that  the  above  is  a  mere  average 
Ulustrative  experiment  Changes  in  the  diet,  in  the  atmospheric 
temperature,  in  the  temperature  of  the  food  taken,  in  the  activity  of 
the  sweat-glands,  in  the  amount  of  moisture  in  the  atmosphere,  and 
in  the  amount  of  work  done,  would  considerably  alter  the  above 
figures. 

CalorirfmiTy. — GalorimeterB  employed  in  chemical  operations  arel 
not  suitable  for  experiments  on  animals.     An  animal  surrounded  by 
ice  or  mercury,  the  melting  and  expansion  of  which  reapectivelj  areh 


Flo.   is:      ]''>',' ■■'If/*  C^iiniimctell  Ct  calorimeter,^  ecmviiiUiig  of  a  vossii  ''*'T  In  tttn'eij  |l 

rbi  I.  -  >  li  I  hng  the  &nlmAl  i»  pA^cAdi  G\  |aw>meter  Xtom  vhicli  :^  i  by  a  i»iit«m 

iiAat<].  ilu>  ^ir  ^Mt^n  till!  rv^plntory  DlminW.  O^  ^^^aanamwittff  tw:ijj....^,  ^..<  ,^A.->Bii  of  i^Tj>lrfttlcitil 
ftitd  tlio  9V.CXSA  of  air.  I»  t\  tbartnoTnetcifii  a,  «  whf>«l  for  ftgilatiQg  thft  w^t«r.  01j5^rrA  tho^>j 
doliveiy'tube  on  tho  left  t»  mtieh  twiatAd  In  tbe  water  clmmlwrt  so  ms  to  tffve  off  its  beat  to  tha  j 
tiUftoiiiiJJni;  water*    (Jf'rom  McKfudrlck's  "  Phyjifology/7 


measures  of  the  amount  of  heat  evolved,  would  be  under  such  ab- 
normal conditions  that  the  results  woidd  l>e  valueless,  Lavoisier^ 
however,  used  an  ice  calorimoter  in  his  experiments  on  animals. 

The  apparatus  often  employed  is  the  water  calorimeter.  This 
was  first  used  by  Crawford  (1788)-  Dulong's  instrument  is  shown  in 
&g,  443.  The  animal  is  placed  in  a  metal  chamber,  surrounded  by  a 
water-jacket.  There  are  also  tubes  for  the  entrance  and  exit  of  the 
inspired  and  expired  gases  respectively.    The  heat  given  out  by  thej 
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animal  warma  the  water  in  the  jacket,  and  is  meaeured  by  the  rise 
of  temperature  of  the  water,  of  which  the  volume  is  also  known. 

Air  Calorimeters  are  now,  however,  generally  used.  Fig.  444 
is  an  outline  sketch  of  the  one  which  has  lieen  most  used  in  this 
country. 

It  consists  of  two  precisely  similar  chambers  made  of  thin  sheet 
copper.  Each  chamber  has  two  walls  l>etwoen  which  ia  an  air  space ; 
and  the  outer  ia  covered  by  a  thick  casing  of  felt  (F)  to  prevent 
fluctuations  in  the  temperature  of  the  surroundings  from  affecting 
the  air  in  the  air-space.  The  chambers  are  made  perfectly  air-tight, 
except  for  the  ventilating  tul)e&  A  A,  A'A'.  By  means  of  these,  the 
chambers  are  filled  with  perfectly  dry  air  before  the  experiment  ia 
commenced.     Leading  from  each  aii*-8pace  is  a  tube ;  the  two  tubes 


b£L 


A' 


•a' 


Flo.  444.— Air  Cml^rimifter  oF  HildAtie,  H«l«  White,  And  WMhlxmrn,  C,  e»gn  for  &QlmAl.  In  oNier  to 
ni«ka  thti  rondHlonn  In  botb  ifhAmbftn  «s  mitch  ftllke  ««  poMibSa,  tit  empty  c»g«  slrauld  b«  placed  Iti 
Ihe  other  clminlH^r, 

are  connected  to  the  two  limbs  of  a  manometer  (M)  shaped  as  in  the 
figure,  and  containing  oil  of  erigeron. 

The  action  of  the  calorimeter  is  as  follows : — In  one  chamber  the 
animal,  the  heat  production  of  wMch  is  to  be  ascertained,  is  placed 
within  the  cage  C*  In  the  other,  hydrogen  is  burnt  (H).  Botli 
chambers  are  shut,  the  tubes  AA,  A 'A'  being  clamped*  The  heat 
given  off  from  the  animal  warms  its  chamber,  and  thus  increases  the 
pressure  of  the  air  in  the  air-space  between  the  two  copper  walls  of 
the  chamber.  This  would  lead  to  movement  of  the  fluid  in  the 
manometer,  but  that  the  heat  given  off  by  the  burning  of  the  hydrogen 
increases  at  the  same  time  the  pressure  in  the  air-space  between  the 
walls  of  its  chamber*  This  latter  increase  of  pressure  tends  to  make 
the  fluid  in  the  manometer  move  in  the  other  direction.  If  the  fluid 
in  the  manometer  remains  stationary,  the  amount  of  heat  given  off 
by  the  animal  is  equal  to  that  produced  by  the  burning  hydrogen ; 
and  daring  an  exporhnont  the  fluid  in  the  manometer  is  kept  station* 
ary  by  turn  Log  the  hydrogen  flame  up  and  down.  The  amount  of 
hydrogen  burnt  ia  estimated  by  the  amount  of  water  formed,  and  the 
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beat  of  combostiaQ  of  bjdrpgeD  bemg  kDown,  it  is  may  to  caIch- 
late  tbe  caloriea  produced^  which  equal  those  given  off  hj  the 
ammiiL 

The  applicabttlty  of  the  law  of  the  conserratioii  of  emer^  to  diverse  i.*heinjVjiL 
r^aetionfl  E^  been  amply  demotistrftted.  In  view  of  the  chemtcal  natiLre  of  meta- 
boliflm,  we  miirht  as<»ume  that  the  same  Law  appUes  to  the  reactions  t&kmfir  pUcc  in 
tJte  body,  that  it  is  in  fact  one  of  the  fuDdamentaJ  kws  of  the  universe.  We  baT«. 
however,  no  5icteiitifie  riffht  to  assume  in  advance  that  no  special  laws  are  operativi! 
in  living  matter*  The  Taw  therefore  here  requires  experimental  verificaition,  and 
much  labour  has  accordingly  been  devoted  to  this  probleni.  The  early  work  of 
Lavobier,  Crawford,  Dulong*  and  others  showed  ^reat  discrepancies  Isetwccn  the 
heat  actiially  found  and  that  calculated,  but  with  the  advmiic«  of  knowledge  and 
improvements  of  chemical  inethods  and  calorimctry,  these  have  disappwed.  It  is 
to  Rubner  in  partittilar  that  we  owe  the  experimental  demonstration  of  the  law  of 
the  conservation  of  energy  in  the  livmg  organism. 

The  various  tissues  of  the  living  bcSy  in  the  performance  of  their  seveml 
functions  break  down  and  oxidise  the  proteins,  fats,  cmrt)ohjd rates,  and  other 
material  of  which  they  are  composed,  and  seize  upon  the  ener|5'  previously  stored 
and  thus  li bera ted » converting  it  here  into  the  invisible  molecular  moHDn  of  heat, 
there  into  the  motion  of  visible  masses  of  matter  in  the  p>erformance  of  work,  and 
aicain  into  the  energy  of  chemical  change  as  the  needs  of  I  he  organism  demand. 
Of  these  the  liberation  of  heat  Is  by  far  the  greatest  in  amount,  and  for  this  reason^ 
as  well  as  to  simplify  calculations,  it  has  become  customary  to  express  the  available 
energy  in  terms  of  units  of  heat.  The  energy  expendetl  as  work  may  be  divided 
intij  (1)  external  work,  r^* ,  the  work  done  on  mfisses  outside  the  body ;  and  (2)  intcrtial 
work,  t,*..  the  physictil  and  chemical  changes  produced  within  the  tsody  in  the 
procei>ses  of  breathing,  digestion,  circulation^  and  the  like« 

tf  the  law  of  the  conservation  of  energy  applies  to  the  animal  organistD,  the* 
following  are  its  necessary  consequences  : — 

L  If  an  animal  h  doing  no  external  work,  and  is  neither  gaining  nor  losing 
sutistance,  the  potential  energy  of  the  food  (expressed  as  its  heat  of  combustion) 
will  tie  equal  to  that  of  the  excreta,  ph(ii  that  given  off  as  heat,  piuA  that  of  internal 
H'ork, 

2,  If  an  animal  is  doing  external  work«  and  is  neither  gaining  nor  losing 
substance*  the  potential  energy  of  the  food  will  be  equal  to  the  j>otentiat  energy  of 
the  excreta,  p(m  that  given  nif  as  heat,  pirn  tliat  of  tlie  internal  work,  pht^  that  of 
the  external  work, 

3,  If  an  animal  is  doing  no  external  work*  but  gaining  or  losing  body  substance, 
the  potential  energy  of  the  food  will  equal  the  potential  energy  of  the  excreta,  pins 
that  given  off  as  heat,  plvjt  that  of  the  internal  work*  pht^  that  of  the  gain  by  the 
body  substance  (a  loss  by  the  body  tieing  regarded  as  a  negative  gain). 

4,  In  an  animal  doing  external  work*  and  gaining  or  losing  body-substfinee* 
the  potential  energy  of  the  food  will  equal  the  pfjtential  energy  of  the  excreta,  pfus 
that  given  off  as  heat,  plitjf  that  of  the  internal  and  external  work,  plwf  that  of  the 
gai  n  ( pos i ti ve  or  negati ve )  of  t he  body-sti bstance. 

In  actual  experimentation  it  is  practically  impossible  to  adjust  the  food  so  that 
there  is  no  gain  or  loss  of  body-suhstanre,  hence  experiments  necessarily  fall  under 
(3)  or  (4) ;  and  the  majority  under  (3). 

The  quantities  to  be  determined,  then*  are  ;— 

i.  Potential  energy  of  the  food. 

Li.  Potential  energy  of  excreta  (firces*  urine,  ete*)u 

iii.  The  heat  pr^uccd  { including  that  into  which  any  mechanical  work  is 
convertible),  ^  ^  ^         ^,     ,        , 

iv.  The  potential  energy  of  the  gain  or  loss  of  body-substance. 

If,  then*  the  eciuality  stated  under  fS)  and  (4)  is  found  to  exist,  we  shall  be 
justified  in  the  conclusion  that  the  law  of  the  consen^^ation  of  energy  applies  to  the 
animal  body.  This  is  what  the  painstaking  work  of  Eubner.  Laulani^,  Atwater, 
Benedict*  and  others  has  succeeded  in  showing  is  actually  the  case. 
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Regulation  of  the  Temperature  of  Warm-blooded  Aniniala. 

The  equalisation  of  the  two  sidea  of  the  balance-sheet  in  the 
maintenance  ot  a  normal  temperature  may  be  accomplished  by  the 
production  of  heat  adapting  itself  to  variationa  in  dischargep  or  by 
the  discharge  of  heat  adapting  itself  to  variations  in  prodnctioii,  or 
lastly^  and  more  probably,  both  sets  of  proceasefi  may  adapt  them- 
eelvea  mutually  to  one  another.  We  have,  therefore^  to  consider 
regulation  (1)  by  variations  in  loss,  and  (2)  by  variations  in  pro- 
duction. 

M^idation  hy  VariaiioTis  in  Loss. — The  two  channels  of  loss  sua* 
ceptible  of  any  amount  of  variation  are  the  lungs  and  the  skin.  The 
more  air  that  passes  in  and  out  of  the  lungs,  the  greater  will  be  the 
loss  in  warming  the  expired  air  and  in  evaporating  the  water  of  respira- 
tion. In  such  animals  as  the  dog,  which  perspire  but  little,  respiration 
is  a  most  important  means  of  regulating  the  temperature;  and  in 
those  animals  a  close  connection  is  observ^ed  between  the  production 
of  heat  and  the  respiratory  activity.  The  panting  of  a  dog  when 
overheated  is  a  familiar  instance  of  this,  A  dog  also,  under  the  same 
circumstances,  puts  out  its  tongue,  and  loses  heat  from  the  evapora- 
tion that  occurs  from  its  surfaca  The  great  regulator,  however,  is 
undoubtedly  the  skin,  and  this  has  a  double  action.  In  the  first 
place,  it  regulates  the  loss  of  heat  by  its  vaso-motor  mechanism ;  the 
more  blood  passing  through  the  skin,  the  greater  will  Ije  the  loss  of 
heat  by  conduction,  radiation,  and  evaporation*  Convorselyj  the  loss 
of  heat  is  diminished  by  anything  that  lessens  the  amount  of  blood 
in  the  akin,  such  as  constriction  of  the  cutaneous  vessels,  or  dilatation 
of  the  splanchnic  vascular  area,  In  the  second  place,  the  special 
nerves  of  the  sweat-glands  are  called  into  action.  Familiar  instances 
of  the  action  of  these  two  sets  of  nerves  are  the  reddening  of  the 
skin  and  sweating  that  occurs  after  exercise,  on  a  hot  day,  or  in  a 
hot-air  or  vapour  bath,  and  the  pallor  of  the  skin  and  absence  of 
sensible  perspiration  on  the  application  of  cold  to  the  lK)dy. 

Hef^idation  hif  Varmtions  in  Production. — The  rate  of  production 
of  heat  in  a  living  body,  as  determined  by  calorimetry,  depends  on 
a  variety  of  circumatancea.  It  varies  in  different  kinds  of  animals* 
The  general  rata  of  katabolism  of  a  man  is  greater  than  that  of  a 
dog,  and  of  a  dog  greater  than  that  of  a  rabbit.  Probably  every 
species  has  a  specific  coefficient^  and  every  individual  a  personal 
coefficient  of  heat  prmluction,  which  is  the  expression  of  the  inliom 
qualities  proper  to  the  living  substance  of  the  species  and  individual. 
Another  factor  is  the  proportion  of  the  buUc  of  the  animal  to  its 
surface  area,  the  struggle  for  existence  raising  the  specific  coefficient 
of  the  animals  in  which  the  ratio  is  high.  Other  important  con- 
siderations are  the  relation  of  the  intake  of  food  to  metabolic  procesaes, 
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and  the  amount  of  muscular  work  which  is  performed*  ThBBQ  various 
mfluences  are  themselvea  regulated  by  the  nervous  syBtem^,  and 
physiologists  ha%^e  long  auapected  that  afferent  impukea  arising  in 
the  skin  or  elsewhere  may,  through  the  central  nervous  sjstam, 
originate  efferent  impulses,  the  effect  of  which  would  he  to  increase 
or  aiminish  the  metabolism  of  the  muscles  and  other  organs,  and  by 
that  means  increase  or  diminish  respectively  the  amount  of  heat 
there  generated,  That  such  a  metabolic  or  thermogenic  nervous 
mechanism  does  exist  in  warm-blooded  animals  is  supported  by  the 
following  experimental  evidence : — 

(1)  Though  in  cold-blooded  animals  a  rise  or  fall  of  the  surround- 
lug  temperature  causes  respectively  a  rise  and  fall  of  their  metabolic 
activityp  in  a  warm-blooded  animal  the  effect  is  just  the  reverse. 
Warmth  from  the  exterior  demands  a  diminished  production  of  heat 
in  the  interior,  and  vtcs  mrsd.  i 

If  the  changes  of  the  external  temperature  are  so  great  as  to  cause  a  rise  {as  tn 
steam  baths)  or  a  fall  (as  in  hibernation)  of  body  temperature^  the  ra«-taboHc 
changes  are  increased  or  decreased  respect Iv'ely  as  in  cold-blooded  animals. 
Pembrey  has  also  shown  that  wann-blooded  animals  in  an  embryonk-  condition 
are  practically  cold-blooded,  the  regulatory  mechanism  not  being  fully  deireloped  ^ 
at  this  stage. 

(2)  That  this  is  due  to  a  reflex  nervous  impulse  is  supported  hj  \ 
the  fact  that  a  warm-hloo^ied  animal,  when  poisoned  by  curare,  no 
longer  manifests  its  normal  behaviour  to  external  heat  and  cold,  but 
is  affected  in  the  same  way  as  a  cold-blooded  animal  Section  of 
the  medulla  produces  the  same  effects^  as  the  nerve-channels,  by 
which  the  impulses  travel,  are  severed.  When  curare  is  given,  the 
reAex  chain  is  broken  at  its  muscular  end,  the  poison  exerting  its 
influence  on  the  end-plates,  and  causing  a  diminution  of  the  chemical 
tonus  of  the  muscles.  The  centre  of  this  therm otaxic  reflex  mechanism 
must  be  situated  somewhere  above  the  spinal  cord ;  according  to  some  r^ 
observers,  in  the  optic  thalamus.  B 

(3)  The  reflex  mechanism  is  well  exemplified  in  shivering ;  here  V| 
the  muscles  are  thrown  into  involuntary  contraction,  and  so  produce 
more  heat,  as  the  result  of  the  stimulation  of  the  skin  by  cold. 

(4)  Various  injuries  caused  by  accident,  or  purposely  pro- 
duced by  puncture,  or  cautery,  or  electrical  stimulation  of  limited 
portions  of  the  more  central  portions  of  the  brain,  may  give  rise 
to  great  increase  of  temperature,  not  accompanied  by  other  marked 
symptoms.  ^J 

We  thus  see  that  the  nervous  system  is  intimately  associated^! 
with  the  regulation  of  the  temperature  of  the  body.    There  is  at     f 
least  one — there  may  be  several  centres  associated  in  this  action. 
The  centres  receive  afferent  impulses  from  without ;  they  send  out 
efferent  impulses  by  at  least  three  sets  of  nerves ;  (1)  the  vaso-motoii 
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uerves,  (2)  the  secretory  nerves  of  the  sweat-glands,  (3)  trophic  or 
nutritional  nerves.  The  first  two  sets  of  nerves,  the  vaso-motor  and 
the  secretory,  affect  the  regulation  of  temperature  on  the  side  of 
discharge ;  the  third  set  on  the  side  of  production. 

The  foregoing  account  of  heat  regulation  does  not  take  into  account  what  after 
all  is,  at  any  rate  in  man,  a  very  important  factor,  namely,  the  voluntary  and  arti- 
ficial means  which  he  employs,  sucn  as  various  kinds  of  clothing  suitable  to  the 
climate,  heating  of  rooms,  and  voluntary  muscular  exercise. 


CHAPTER  XLI 


THE  CENTRAL  NERVOUS  SYSTEM 


We  already  know  sufScient  from  our  prelimmary  study  of  nerve- 
centres  to  be  awai'e  that  tlie  central  nervous  system  is  divided  into 
the  two  main  parts  called  the  brain  and  spinal  cord. 

Fig.  445  showa  the  general  arrangement  of  the  cerebro-Bpinal 
axis,  and  some  anatomical  details  concerning  the  membranes  that 
envelop  the  brain  and  cord  may  here  conveniently  be  added. 

Membranes  of  the  Brain  and  Spinal  Oord. — The  Brain  and  Spinat  Cofd  are 
enveloped  in  three  tnembmncs— (1)  Uie  Dum  Mater,  (2)  the  Arachnoid,  (3)  the  Pia 

Mater. 

(1)  The  Dura  Mafei\  or  external  eovcring-,  is  a  tough  membrane  composed  of 
bundles  of  connective  tissue  which  cross  at  various  angles,  and  in  whose  interstices 


branched  conne<.'live-tissue  corpuscles  lie  ;  it  is  lined  by  a 
-     ■■  ■  ■  ■    ells. 


thin  elastic  membrane, 
on  the  inner  surf&ce  of  which  is  a  layer  of  endothelial  cell 

(2)  The  Aradmoid  is  a  much  more  delicate  membrane,  very  similar  in  stnictufe 
to  the  dura  mater,  and  lined  on  its  outer  or  free  surface  by  an  endotiielial  mem* 
brane. 

(3)  The  Flu  Mnt&t  of  the  t  ord  consists  of  two  layers  between  which  numerous 
blood-vessels  ramify,  in  that  oftlie  brain  only  the  inner  of  the  two  layers  is  repre- 
sentcd.  Between  the  arachnoid  and  pia  raatcr  is  a  network  of  hbmus  tissue 
trabeculsB  sheathed  witli  endothelial  cells  :  these  sub-firachnoid  trabeculie  divide  up 
the  sub-arachnoid  smce  into  a  number  of  irrc^'ular  sinuses.  There  are  some  ,sim!lar 
trabeculee,  but  mucn  fewer  in  number,  traversing  the  sub-dural  space^ «.«.,  the  space 
between  tlie  dura  mater  and  arachnoid, 

Farrhionian  bodies  are  growths  from  the  sub-arachnoid  network  of  connective- 
tissue  trabeculse  which  project  through  small  holes  in  the  inner  layers  of  the  dura 
mater  into  the  venous  sinuses  of  that  membrane.  The  venous  sinuses  of  the  dura 
mater  have  been  Injected  from  the  snl>-arachnoidal  space  through  the  intermediation 
of  these  villous  outgro\*  ths. 

In  the  chapters  preceding  this  one  we  have  seen  how  all-per- 
vading nervous  action  is ;  in  connection  with  circulation,  reBpiration, 
secretion,  periBtalais,  etc.,  the  way  in  which  such  functiona  are 
regidated  by  nervous  activity  has  taken  up  a  considerable  amount  of 
space.  Some  of  the  facts  there  descril>ed  will  be  better  understood, 
or  be  seen  in  a  clearer  light,  if  the  student  turns  back  to  them  and 
studies  them  once  more  after  he  has  grasped  what  we  are  going  to 
consider  in  the  chapters  that  follow  this  on  the  physiology  of  the 
central  nervous  system. 

It  would  also  be  advisable,  before  he  begins  this  subject,  thai  ho 
4n 


Tuu  44di^  — View  of  tha  c«tvtirQ-^|iiuAi  «s^i»  of  tii*:i  ncrvcjus  Afalenu  'rtif*  ri^ht  half  of  tb«  crmulum  Ulirl 
tntnlc  of  th«  tody  Uku  teen  ivtnovfht  by  «  wriicJil  sv^th^n  :  tim  tnnnilmnpfli  of  thft  bfmin  aiuI  iptliAl 
cart]  b»vf)  «]«o  ]Mn?ii  n^movcfl^  mi  tlie  Tootn  iinL  lli^t  |j*Tt  of  Itifl  Onb  And  nlntb  cmnUili  micf  of  iH 
tha  Kpinnl  tior\'*!ji  of  Uw  rlglit  t^ido^  Iiavu  b««iii  dis^ii^c^  out  und  iMid  a«piimtfl1y  aa  tho  wall  of  tht 
BkaM  hnd  oti  the  B#%'er«.L  vi^rti^bnt'  »ppoifit«  to  the  p\»jcn  af  their  baUml  fxH  (fQm  th«  pnnfd-<i[iirnil 
CJivity*    (Aft«r  Hotirgflry.) 

refresh  his  memory  concerning  the  elementary  and   fimdametital 

problems  in  relation  to  nervoua  activity  in  these  regions. 


The  spinal  cord  is  a  colunm  of  nerve-substance  connected  above  with 
the  brain  through  the  medium  of  the  bulb,  and  situated  in  the  spinal 
canaL  In  transverse  Bection  it  is  approximately  circular,  but  the 
cord  is  not  of  the  same  size  throughout  its  course.  It  exhibits  two 
enlargements,  one  in  the  cervical,  the  other  in  the  luml»ar  region. 
These  are  the  situations  whence  the  large  nerves  for  the  supply  of 
the  limbs  issua  The  cord  terminates  below,  about  the  lower  border 
of  the  first  lumbar  vertebra,  in  a  slender  filament  of  grey  substance, 
the  filnm  t&rminale^  which  lies  in  the  midst  of  the'  roots  of  many 
nerveB  forming  the  tavda  iquirtM, 

It  is  composed  of  grey  and  white  matter;  the  white  matter  is 
situated  externally,  and  constitutes  its  chief  portion  j  the  grey  matter 
is  in  the  interior,  and  is  so  arranged  that  in  a  transverse  section  of 
the  cord  it  appears  like  two  crescentic  masses  (the  horns  of  each  of 
which  are  called  respectively  the  anterior  and  posterior  comua)  con- 
nected together  by  a  narrower  portion  or  isthmus,  called  the  posterior 
commiasure  (fig.  446).  Passing  through  the  centre  of  this  isthmus 
in  a  longitudinal  direction  is  a  minute  canal ;  in  a  transverse  section 
it  appears  as  a  hole ;  this  central  canal  of  the  spinal  cord  is  continued 
throughout  its  entire  length,  and  opens  above  into  the  space  at  the 
back  of  the  medulla  oblongata  and  pons  Yarolii,  called  the  fourth 
ventricle.  It  is  lined  by  a  layer  of  columnar  ciliated  epithelium,  and 
contains  a  fluid  called  mrGhro-spinal  fluid. 

The  spinal  cord  consists  of  two  symmetrical  halves,  separatetl 
anteriorly  and  posteriorly  by  vertical  flssures  (the  posterior  fissure 
being  deeper,  but  less  wide  and  distinct  than  the  anterior),  and 
united  in  the  middle  by  nervous  matter  which  is  usually  d*^scribed 
aa  forming  two  commissures^ — an  anterior  commissure  (consisting  of 
medulla  tea  nerve-fibres)  in  front  of  the  posterior  commissure,  which 
is  the  isthmus  of  grey  matter  pierced  by  the  central  canal,  to  which 


Fi(j.  4I6.'-Difrenjnt  views  of  n  ftgrtlon  of  tbfl  vpUi&l  coird  fioni  the  crirviciJ  rfsfoiit  *itb  tbe  tool*  of  tho 
lunrvM  (al lightly  ttilftfg^dX  In  a,  the  tntcHor  flurfiioci  of  th«  Bp«eLcpen  In  Ahowd  ;  themutertorr  n^rv«^ 
root  of  Its  rig:ht  shift  Is  dlvldud ;  In  a,  i  vl«w  of  ths  Tight  ildfl  tn  given ;  lu  c^  the  rapper  sarbn  Is 
■bown  ;  In  tJ»  tbd  nnrve-pooti  mad  p^a^iw  ^n  sboira  thim  balow.  1,  thn  itntfiHor  si«d]*a  Om]r»; 
S»  pO0t«rlor  tii^dlan  tlHufv ;  S»  AUtATiar  ]ftt«r>l  diipictttBion,  ftnm  nrliict)  thn  afit«dor  Qem^iodti  va 
ievo  lo  1k>i](»;  4|  poi^rfor  l&tenl  groove  *  int^o  wbich  tbi?  po«il«rior  rtxiU  are  lean  to  tirik;  5, 
■DtiirioT  wcAm  p«n«li]if  tbe  ganKlkm ;  &\  to  a,  tho  w) tenor  root  diviiled :  §,  tlM  po«t«rlor  nxiu,  the 
flbrw  of  which  paai  Into  the  g>iiglio»  6' ;  T,  the  ttiiited  or  ooiuponiid  norve »  7'»  tha  poatartor  priu«aiy 
bnnch,  9mn  Id  a  &ud  d  to  be  danv^d  In  part  from  tba  aoterior  acid  In  part  fkom  tbe  infttfltW  waU 
(AUeti  TboiDson.) 


portions,  colunmB,  or  tracts,  an  ant^rior^  laierai,  and  poBteriar,  From 
the  groove  between  the  anterior  and  lateral  columns  spring  the 
anim-ior  roots  of  the  spinal  senses  (fig.  446,  B  and  c,  5) ;  and  just 
in  front  of  the  groove  Ijetwoen  the  lateral  and  posterior  column  the 
posterior  roots  enter  (b,  6) ;  a  pair  of  roots  on  each  side  corresponds 
to  each  vertebra. 

White  matter. — The  white  matter  of  the  cord  is  made  up  of 
me<Iullated  norvo-tibres,  of  different  sizes,  nmning  mainly  in  a 
longitudinal  direction,  and  of  a  supporting  material  of  two  kinds, 
viz. ; — (a)  ordinary  fibrous  connective-tissue  with  elastic  fibres,  which 
is  connected  with  septa  from  the  pia  mater  which  pass  into  the  cord 
to  carry  the  blood-vessels,  {b}  NeurogUa;  the  processes  of  the 
neuroglia-cella  are  arranged  so  as  to  support  the  ner\^e-fibreB  which 
arc  without  the  usual  neurilemmal  nerve-shoaths. 


The  gooeral  rul©  raspectii^  the  size  of  different  parts  of  the  cord 
is,  that  each  part  is  in  direct  proportion  to  the  sixe  and  number  of 
nerve-roots  gi%^en  off  from  it.  Thus  the  cord  is  very  large  in  the 
middle  and  lower  part  of  its  cervical  portion,  whence  arise  the  large 
nerve-roots  for  the  formation  of  the  brachial  plexuses  and  the  supply 
of  the  upper  extremities ;  it  again  enlarges  at  the  lowest  part  of  its 
dorsal  portion  and  the  upper  part  of  its  lumbar,  at  the  origins  of  the 
large  nerves  which,  after  forming  the  lumbar  and  sacral  plexuses,  are 
distributed  to  the  lower  extremities.  The  chief  cause  of  the  greater 
sijse  at  these  parts  of  the  spinal  cord  is  increase  in  the  quantity  of 
grey  matter;  the  white  part  of  the  cord  (especially  the  lateral 
columns)  becomes  gradually  and  progressively  smaller  from  above 
downwards,  because  a  certain  number  of  fibres  coming  down  from  the 
brain  pass  into  the  spinal  grey  matter  at  different  levels. 

Grey  matter.— The  grey  matter  of  the  cord  consists  of  oer^^e- 
fibrea,  most  of  which  are  very  fine  and  delicate,  of  nerve-cells  with 
branching  processes,  and  of  an  extremely  delicate  network  of  the 
primitive  fibrilliB  of  axis-cylinders  and  of  dendrites.  This  fine  plesus 
is  called  Gerlach/s  network,  and  is  mingled  with  the  meshes  of 
neuroglia.  The  neuroglia  of  the  grey  matter  resembles  that  of  the 
whitOj  but  instead  of  everywhere  forming  a  close  network  to  support 
the  uerve-fibrea,  here  and  there  it  is  in  the  form  of  a  more  open 
sponge-work  to  support  the  nerve-cells.  It  is  especially  developed 
around  the  central  canal,  which  is  lined  with  columnar  ciliated 
epithelium,  the  cells  of  which  at  their  outer  end  terminate  in  fine 
processes,  which  join  the  neuroglia  network  surrounding  the  canal, 
and  form  the  s^stantia  gdatinosa  centralis.  It  is  also  deyeloped  at 
the  tip  of  the  posterior  cornu  of  grey  matter,  forming  what  is  known 
as  the  mb$tantia  gdatinma  lateralis  of  Rolando,  which  is  much 
enlarged  in  the  upper  cervical  regioa 

Groups  of  cells  in  the  grey  viatter. — The  multipolar  cells  of  the 
grey  matter  are  either  scattered  singly  or  arranged  in  definite 
groups, 

(1)  Anterior  k&m  cdls. — In  the  cervical  and  lumbar  enlargements 
there  are  several  groups  of  large  multipolar  cells  in  the  anterior 
horn ;  in  the  thoracic  region  these  are  reduced  to  two,  a  mesial  and  a 
lateral  group.  The  larger  groups  correspond  with  segments  of  the 
limbs,  and  in  the  cervical  cord  there  is  one  special  group  from  which 
the  phrenic  nerve  arises  for  the  supply  of  the  diaphragm,  The  axons 
pass  out  by  the  auterior  nerve-roots  of  the  same  side,  but  a  few  axons 
pass  to  the  antero-lateral  column  of  the  same  side,  and  by  the  white 
commissure  to  that  of  the  opposite  side.  In  birds,  a  few  axons  are 
stated  to  pass  to  the  posterior  roots. 

(2)  Posterior  vesimlar  column  qf  Lockhart  Clarke ;  gemrally  knoum 
m  Clarke's  column, — This  is  a  group  of  large  nerve-cells  with  their  long 
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axis  vertical  It  lies  at  the  base  of  the  posterior  horn,  and  is  bast 
marked  in  the  thoracic  region.  Their  axons  pass  into  tha  direct 
cerabeUar  tract* 

(3)  Intermedio-lat^ral  group. — This  is  seen  in  the  outer  part  of 
the  grey  matter  of  the  lateral  horn,  and  is  most  distinct  in  the  tipper 
thoracic  and  lower  cerv^ical  regions. 

(4)  Th^  middle  celt  column  lies  in  the  middle  of  the  crescent. 

(5)  The  cells  of  the  posterior  horn  are  usually  small;  they  are 
numerous,  but  are  not  disposed  in  special  groups. 

Columm  and  tracts  in  iks  white  Tmttter  of  the  spinal  cord. — The 
columns  of  the  white  matter  which  are  marked 
out  by  the  points  from  which  the  nerve-roots 
issue,  are  called  the  anterior^  the  lateral,  and 
the  poderior  columns ;  the  posterior  is  further 
divided  by  a  septum  of  the  pia  mater  into 
two  almost  equal  parts,  constituting  the  postero- 
esUemal  column,  or  column  of  Burdach,  and  the 
poBtero-medmn^  or  column  of  Goll  (tig.  449). 
In  addition  to  these  columns,  however,  it  has 
been  shown  that  the  white  matter  can  be  still 
further  subdivided  These  tracts  in  the  white 
matter  perform  diSerent  functions  in  the  con- 
duction of  impulses. 

The  methods  of  observation  are  the  follow- 
ing:— 

{a)  The  emhyological  method.  It  has  been 
found  by  examining  the  spinal  cord  at  different 
stages  of  its  development  that  certain  groups 
of  the  nerve- fibres  put  on  their  myelin  sheath 
at  earlier  periods  than  others,  and  that  the  different  groups  of  fibres 
can  therefore  be  traced  in  various  directions.  This  is  also  known 
as  the  method  of  Flechsig, 

(4)  Walhrian  or  de^emraiion  tnethod.— This  method  depends  upon 
the  fact  that  if  a  nerve-fibre  is  separated  from  its  nerve-cell,  it  wastes 
or  degenerates.  It  consists  in  tracing  the  course  of  tracts  of 
degenerated  fibres,  which  result  from  an  injury  to  any  part  of  the 
central  nervous  system*  When  fibres  degenerate  below  a  lesion,  the 
tract  is  said  to  be  of  descending  degeneration,  and  when  the  fibres 
degenei^te  in  the  opposite  direction,  the  tract  is  one  of  ascending 
d^enej-ation.  By  the  modern  methods  employed  in  staining  the 
central  nervous  system,  it  has  proved  comparatively  easy  to  distinguish 
degenerated  parts  in  sections  of  the  cord  and  of  other  portions  of  the 
central  nervous  system.  Degenerated  fibres  have  a  different  staining 
reaction  when  the  sections  are  stained  by  what  are  called  Waigert's 
and  Pal's  methods;   this  consistB  in  subjecting  them  to  a  special 
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solution  of  hsematoxylini  and  then  to  certain  differentiating  eolutions. 
Th©  degenerated  fibres  appear  light  yellow,  whereaa  the  healthy  fibres 
are  a  deep  blue.  MarchFe  method  is  even  better.  After  hardening 
in  Miiller's  fluid,  Marchi'a  solution  {a  mixture  of  MiiUer's  fluid  and 
osmic  acid)  stains  degenerated  fibres  black,  and  leaves  the  rest  of  the 
tissue  unstained.  Accidents  to  the  central  nervous  system  in  man 
have  given  us  mucli  information  upon  this  subject,  but  this  has  of 
late  years  been  supplemented  and  largely  extended  by  experiments 
on  animals,  particularly  upon  monkeys;  and  considerable  light  has 
been  shed  upon  the  conduction  of  impulses  to  and  from  the  nervous 
system  by  the  study  of  the  results  of  section  of  diflerent  parts  of 
the  central  nervous  system,  and  of  the  spinal  nerve-roots. 

By  these  methods  the  tracts  in  the  white  matter  have  now  been 
mapped  out,  and  the  principal  ones  are  shown  in  the  succeeding 
diagrams. 

It  will  be  convenient  to  begin  by  considering  the  result  of  cutting 
through  the  roots  of  the  spinal  nert^es. 

Cutting  the  anterior  roots  produces  chromatolysis  of  the  cells  of 
the  anterior  horn  from  which  they  originate ;  this  slow  atrophy  is  the 
result  of  disuse  of  the  axons  which  are  cut  and  still  remam  attached  to 
the  cell-bodies.  Wallerian  degeneration  is  Limited  to  the  motor  nerve- 
fibres  on  the  distal  side  of  the  point  of  section.  The  fact  that  chro- 
matolysis (see  p*  202)  occurs  when  the  axon  of  a  nerve-cell  is  cut 
through,  furnishes  us  with  a  valuable  method  of  ascertaining  what 
nerve-cells  various  tracts  originate  from. 

Cutting  the  posterior  roots  between  the  spinal  ganglia  and  the 
cord  leaves  the  peripheral  part  of  the  nerve  healthy,  and  degeneration 
occurs  in  the  portion  of  the  root  which  runs  into  the  cord,  because 
the  fibres  are  cut  off  from  the  cells  of  the  spinal  ganglion  from  which 
they  grew*  These  degenerated  nerve- fibres  may  be  traced  up  the 
cord  for  a  considerable  distance.  Each  posterior  root-fibre  when  it 
enters  the  cord  bifurcates,  the  main  branch  passing  upwards,  and  the 
shorter  branch  downwards,  so  that  the  degeneration  is  seen  in  a 
small  tract  called  the  comma  tract  (fig.  450)  immediately  below  the 
point  of  entrance  of  the  cut  posterior  root.  The  upgoing  fibre  is 
contained  in  the  posterior  cohmnn  of  white  matter,  and  it  terminates 
in  the  grey  matter  either  in  the  cord  itself  at  a  higher  level,  or  in 
the  medulla  oblongata. 

Fig.  448  represents  in  a  schematic  way  the  manner  in  which  the 
fibres  of  the  two  roots  of  a  spinal  nerve  are  connected  to  the  grey 
matter  in  the  cord. 

1,  2,  3|  4  represent  foxir  cells  of  the  anterior  horn.  Each  givea 
rise  to  an  axis-cyhnder  process  A,  one  of  which  is  shown  terminating 
in  its  final  ramilication  in  the  end-pkte  of  a  muscular  fibre  M.  Each 
of  these  four  cells  is  further  surrounded  by  an  arborisation  (synapse) 
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derived  from  the  fibrea  of  the  pjxamidal  tract  P,  which  comes  domi 
from  the  brain. 

According  to  Schafer's  recent  work,  the  pyramidal  fibres  reallj 
terminate  around  the  cells  at  the  base  of  the  posterior  horn ;  these 
cells  therefore  act  aa  intermediate  c5ell-stations  on  the  way  to  those 
in  the  anterior  horn.     This  is  not  shown  in  the  diagram, 

A  fibre  of  the  posterior  root  is  also  shown ;  this  originates  from 
the  cell  G  of  the  spinal  ganglion ;  the  process  of  this  cell  bifurcates, 
one  branch  (B)  passing  to  the  periphery,  where  it  ends  in  an  arbor- 
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escence  in  the  skin  (S) ;  the  arrow  by  the  aide  of  this  branch 
represents  the  direction  of  conduction  of  the  sensory  impulses  from 
the  skin.  An  arrow  in  the  opposite  direction  would  indicate  the 
direction  of  its  growth.  The  other  branch  C  passes  into  the  spinal 
cord,  where  it  again  bifurcates ;  the  branch  E,  a  short  one,  passes 
downwards  and  ends  in  an  arborisation  around  one  of  the  small  cells 
Pj  of  the  posterior  cornn;  from  which  a  new  axis-cylinder  arises, 
and  terminates  around  one  of  the  multipolar  cells  (4)  of  the  anterior 
horn. 

The  main  division  D  travels  up  in  the  posterior  colimnn  of  the 
cord,  and  ends  in  grey  matter  at  various  levels.     Some  collaterals  (5) 


terminate  hj  arborising  directly  aroimd  the  anterior  comual  cells, 
principallj  of  the  same  side ;  others  (6)  do  bo  with  an  intermediate 
cell  station  in  a  posterior  coniual  cell  P^ ;  others  (7)  arborise  around 
the  cells  of  Clarke's  column  (C)  in  the  thoracic  region  of  the  cord, 
and  from  these  cells  fresh  axis-cjlinders  carry  up  the  impulsa  to  the 
cerebellum  in  what  is  called  the  direct  cerebeUar  tract,  while  the 
main  fibre  (8)  may  terminate  in  any  of  these  ways  at  a  higher  level 
in  the  cord,  or  above  the  cord  in  the  maduUa  oblongata.  li^Tien  we 
become  acquainted  with  the  structure  of  the  medulla  obiongata,  we 
shall  be  able  to  traoe  these  fibres  further. 

In  general  terms  the  anterior  root-fibres  pass  out  of  the  grey 
matter  of  the  anterior  horns,  and  after  a  short  course  leave  the  spinal 
cord  in  the  anterior  spinal  nerve-roots.     The  posterior  roots,  on  the 
^^       other  hand,  do  not  pass  to  any  great  extent  into  the  gray  matter 
I^^H  immediately,  but  into  the  white 
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matter  on  the  inner  side  of  the 
posterior  horn ;  in  other  words, 
they  go  into  the  column  of 
Bardach  (fig.  449);  they  pass 
up  in  this  column,  but  gradu- 
ally approach  the  middle  line, 
and  are  continued  upwards  to 
the  medulla  in  the  cohimn  of 
Goll ;  but  as  they  go  up  they 
become  less  numerouSj  as  some 
terminate  in  the  grey  matter  of 
the  cord  on  the  way  in  the 
manner  described,  A  few  fibres 
of  the  posterior  root,  however, 
travel  for  a  short  distance  in  a 
small  tract  on  the  outer  side  of  the  posterior  horn ;  this  is  called  the 
tract  of  Lissauer  (fig.  451);  the  comma  tract  (fig.  450)  has  been 
already  explained. 

Suppose  now  one  cuts  through  several  posterior  roots  between  the 
spinal  ganglia  and  the  cord,  so  that  the  course  of  degeneration  may 
be  more  readOy  traced.  Immediately  below  the  points  of  entrance  of 
these  nerve-roots,  the  comma  tract  will  be  found  degenerated ;  imme- 
diately above,  the  degenerated  fibres  will  be  found  in  the  column  of 
Bnrdach ;  higher  up  in  the  cord  they  will  be  less  numerous,  and  have 
approached  the  middle  line ;  the  fibres  which  enter  the  cord  lowest 
get  ultimately  nearest  the  middle  line,  so  that  the  greater  part  of  the 
column  of  Goll  is  made  up  of  sensory  fibres  from  the  legs ;  the  fibres 
which  entoi  the  cord  last,  for  instance  those  from  the  upper  hmbs 
and  neck,  pursue  their  course  in  the  inner  part  of  the  column  of 
BurdacL 
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The  preceding  figure  (fig.  449)  shows  the  degeneration  in  &  section 
of  the  spinal  cord,  after  the  division  of  a  number  of  nerve-roots  on 
one  side.  The  microscopic  section  is  taken  high  up,  so  that  all  the 
degenerated  fibres  have  passed  into  the  cohimn  of  Goll  on  the  same 
side ;  the  inner  set  (1)  are  shaded  differently  from  the  outer  set  (2), 
indicating  that  those  nearest  the  middle  line  come  from  the  lowest 
nerve-roots. 

We  nmj  pass  from  this  to  consider  the  tracts  of  degeneration 
that  occur  when  the  spinal  cord  is  cut  right  across  in  the  thoracic 
region.  Some  tracts  will  be  found  degenerated  in  the  piece  of  cord 
f below  the  lesion;  those  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-oella  in  the  brain ;  the  principal  ones  are  the  pyramidal 
tracts.  Other  tracts  are  foimd  degenerated  in  the  piece  of  cord 
above  the  lesion;  these  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-cells  of  the  spinal  ganglia,  or  with  the  cells  of  the 
spinal  cord  itself  below  the  lesion  and  are  passing  upwards. 

In  general  terras  we  may  say  that  the  tracts  which  degenerate 
downwards  are  the  motor  tracts,  and  those  which  degenerate  upwards 
are  the  afferent  or  sensory  channels.  We  must  also  take  into 
account  groups  of  association  fibres  which  unite  together  different 
regions  of  the  cord ;  these  are  generally  short  tracts  in  which,  there- 
fore, degeneration  can  only  be  traced  a  short  distance  up  or  down. 
The  long  tracts  are  those  which  connect  cord  or  spinal  nerves  with 
brain,  like  those  of  Goll  and  Burdach  just  mentioned,  or  the  pyramida) 
tracts  the  main  efferent  pathways. 


Tracts  of  Bescending  Degeneration  (fig,  450), 

(L)  The  crossed  ppramidal  tract — This  is  situated  in  the  lateral 
column  on  the  outer  side  of  the  posterior  cornn  of  grey  matter.  At 
the  lower  part  of  the  spinal  cord  it  extends  to  the  margiUi  but  higher 
up  it  becomes  displaced  from  this  position  by  the  interpolation  of 
another  tract  of  fibres,  to  be  presently  described,  viz.,  the  direct 
cerebellar  tract.  The  crossed  pyramidal  tract  is  large,  and  may 
touch  the  grey  matter  at  the  tip  of  the  posterior  comu,  but  is 
separated  from  it  elsewhere.  Its  shape  on  cross  section  is  somewhat 
like  a  lens,  but  varies  in  different  regions  of  the  cord,  and  diminishes 
in  size  from  the  cer\^cal  region  downwards,  its  fibres  passing  off  as 
they  descend,  to  arborise  around  the  nerYe-ceUs  and  their  branchings 
in  the  grey  matter  of  the  cord.  The  fibres  of  which  this  tract  is  com- 
posed are  moderately  large,  but  are  mized  with  some  that  are  smaller. 

(2,)  Hie  direct  or  uncrossed  pyramidal  tract,  or  column  of  Tiirck — 
This  tract  is  situated  in  the  anterior  column  by  the  side  of  the 
anterior  fissure.  It  ends  in  the  mid  or  lower  thoracic  region  of  the 
cord. 


The  two  pyramidal  tracts  come  down  from  the  brain  :  In  the 
ntedtdla  obbDg&tAj  the  greater  numbeF  of  the  pyramidal  fibres  cross 
over  to  the  other  side  of  the  cord  which  they  descend ;  hence  the 
term  croaaed  pyramidal  tract ;  a  emaller  coUectioQ  of  the  pyramidal 
fibres  goes  straight  on,  on  the  same  side  of  the  cord,  and  theso  cross 
at  different  levels  in  the  anterior  commissure  of  the  cord  lower  down  ; 
hence  the  disappearance  of  the  direct  pyramidal  tract  in  the  lower 
I^t  of  the  cord.  The  fact  that  the  crossed  pyramidal  tract  of  one 
side  is  the  fellow  of  the  direct  pyramidal  tract  of  the  other  side^  is 
indicated  in  the  diagram  by  the  direction  of  shading  (see  fig.  450). 
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Mingled  with  the  fibres  of  the  crossed  pyramidal  tract  are  a  few 
fibres  of  the  pyramid  which  have  not  crossed  in  the  medullii 
oblongata,  and  are  therefore  derived  from  the  same  side  of  the 
cerebrum  {uncrossed  lateral  pyramidal  fibres). 

The  pyramid al  fibres  are  not  found  at  all  in  i^ertcbrates  below  the  niA.mniak> 
In  the  lower  mammals  they  ore  very  fc^w,  and  in  some  rodent^s  (r^l:,  mouse, 
rtiine;i-pig)  they  are  pin  red  in  the-  posterior  eoSumns,  The  direct  pyramidal  traet  is 
found  only  in  man  und  the  higher  apes. 

The  paralysis  that  results  from  the  section  of  the  pyramidal 
tracts  passes  off  very  soon  in  many  animals,  whereas  that  which 
results  from  section  of  the  anterior  column  and  the  adjacent  part  of 
the  lateral  eolumn  is  more  permanent  It  is  probable  that  the  two 
tracts  next  to  be  described  may  \m  the  second  path  for  volitional 
impulses,  and  perhaps  derive  their  importance  from  the  faet  that  the 
impulses  which  travel  down  them  are  necessary  in  the  maintenance 
of  the  tone  of  the  anterior  horn  cells. 

(3t)  AnUrO'laUral  descending  tract,  or  iract  of  Loewmthal,  lies  by 
tlie  side  of  the  anterior  median  iissure,  and  extends  along  the  margin 
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of  the  cord  towards  the  lateral  column.  These  origioate  from  the 
posterior  longitudinal  bundle  of  the  medulla  oblongata,  and  from 
other  sources  to  be  described  later.  They  end  by  synapses  in  the 
anterior  horn. 

(4.)  The  prepyramidal  tract  (Monakow's  bundle)- — This  is  situated 
just  in  front  of  the  crossed  pyramidal  tract.  Its  origin  is  in  the  cells 
of  the  red  nucleus  in  the  mid-brain.  Its  fibres  end  by  arborisations 
in  the  grey  matter  about  the  middle  of  the  crescent. 

(5.)  Bundk  of  Rdweg. — The  exact  origin  and  destination  of  those 
fibres  are  not  known :  they  can  be  traced  from  the  neighbourhood  of 
the  olivary  body  in  the  meduUa  oblongata,  and  pass  down  in  the 
anterior  part  of  the  lateral  column  in  the  cervical  region, 

(6.)  ^yyrt  trcLcts  in  the  posterior  column. — These  are  (a)  the  Comma 
tract;  though  tliia  degenerates  downwards,  it  is  in  reality  a  sensory 
tract,  being  composed,  as  we  have  already  seen,  of  the  branches  of 
the  entering  posterior  root-fibres  which  pass  downwards  on  entering 
the  cord.  It  is  only  found  for  a  comparatively  short  distance  below 
the  actual  lesion.  (5)  S^to-marginal  Jihres;  these  are  few  in 
number,  and  are  mainly  found  near  the  median  fissure,  where  they 
constitute  the  m?al  bundle,  and  near  the  posterior  surface,  where  they 
form  the  median  iriangle  bundle.  These  are  doubtless  short  associa- 
tion tracts,  and  are  mixed  with  others,  especially  in  the  ventral  part 
of  the  posterior  column,  which  have  an  "  ascending  "  course. 


Tracts  of  AscendlQ^  Be^ eneration  (fig.  451). 

(L)  PmUro-viedial  column,  or  column  of  QolL — This  consists  of  fibres 
derived  from  the  posterior  roots  of  the  sacral,  lumbar,  and  lower 
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thoracic  nerves.    These  fibres  enter  the  postero-lateral  column,  and 
gradually  pass  towards  the  mid-liae,  as  alieady^  explained.    They 


end  in  the  grey   matter  of   the   nucleus  ^acilis  of   the    medulk 

oblongata^ 

(2.)  Fosiero-laierat  column,  or  column  cf  Bufdmck, — Many  of  th© 
fibres  of  this  tract,  which  is  also  composed  of  the  ©nteriiig  posterior 
nerve-roots,  pass  into  the  grey  matter  of  the  cord  either  immediately  on 
entrance,  or  in  their  course  upwards.  The  rest  continue  upwards  to  the 
medulla  oblongata,  but  those  from  the  lower  roots  pass  into  the  column 
of  Goll,  as  just  stated ;  those  from  the  upper  roots  continue  to  travel 
upwards  in  the  column  of  Burdach,  and  end  io  the  grey  matter  of  the 
nucleus  cuneatus  in  the  medulla  oblongata. 

(3.)  Dorsal  or  direct  cerebellar  tract,  or  trdct  of  Flecksig^ — This  is 
found  in  the  cervical  and  thoracic  regions  of  the  cord,  and  is  situated 
between  the  crossed  pyramidal  tract  and  the  margin.  It  degeneratefl 
on  injury  or  section  of  the  cord  itseli,  but  not  on  section  of  the 
posterior  nerve-roots*  In  other  words,  its  fibres  are  endogenous,  i,e., 
arias  from  eeUs  within  the  grey  matter  of  the  cord ;  these  cells  are 
those  of  Clarke's  column  of  the  same  side ;  the  fibres  are  large  ones. 

(4.)  Ventral  cerebellar  or  antero-lateral  ascending  trad,  or  tract  of 
Gowers. — This  is  situated  in  front  of  the  crossed  pyramidal  and  direct 
cerebellar  tracts  in  the  lumbar  region,  while  in  the  thoracic  and 
oorvioal  regions  it  forms  a  narrow  band  at  the  margin  of  the  cord, 
curving  round  even  into  the  anterior  column.  Its  fibres  intermingle 
with  those  of  the  antero-lateral  descending  tract.  They  originate 
probably  from  cells  in  the  middle  and  posterior  parts  of  the  grey 
crescent,  partly  on  the  same,  but  mainly  on  the  opposite  side  of  the 
cord. 

Both  of  these  tracts,  as  their  names  indicate,  go  to  the  cerebellum ; 
the  dorsal  cerebellar  enters  the  cerebellum  by  its  lower  peduncle, 
while  the  ventral  cerebellar  entf'rs  by  its  superior  peduncle.  The 
fibres  terminate  by  arborising  around  the  cells  of  that  part  of  the 
cerebellum  known  as  the  vermis  or  middle  lobe,  V.  Gehuchten  states 
that  the  ventral  tract  gives  off  a  few  fibres  that  enter  the  opposite 
cerebeOar  hemisphere  by  its  middle  peduncle. 

(5,)  Tract  of  Lissaim^,  or  posterior  marginal  zom. — This  is  a  small 
tract  of  ascending  fibres  situated  at  the  outer  side  of  the  tip  of  the 
posterior  horn.  These  are  fine  fibres  from  the  posterior  roots ;  they 
subsequently  pass  into  the  posterior  column, 

(6,)  A  number  of  association  tracts  have  been  differentiated  by 
Flechsig's  and  Sherrington's  method  (see  next  paragraph). 


Aflfioclatton  abree  in  tha  Spinal  Oord. 

The  numerous  tibott  tmcts  fllready  mentioned  as  dcjnonstrable  m  the  spinal 
ford  are  doubtles.«i  bundles  of  association  fibres  which  connect  its  different  levels 
together.  The  main  difficulty  of  inyesti^ating  them  by  the  degeneration  method 
has  arisen  from  the  fact  that  they  at-e  largely  iritcrmir*gled  with,  and  so  arc  hard  to 
distinguish  from  the  long  tracts  which  connect  brain  and  cord  together.     In  1853 
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PfliJger  stated  that  reflex  irradiation  within  the  spinal  cord  always  took  place  in  an 
upward  directloti,  but  Shcfrrington  in  his  work  found  jnany  exceptions  to  thb  rule* 
and  he  sought  for  the  |>ath3  Which  are  capable  of  cairying  the  impulses  down  the 
cord  by  a  very  ingenious  method.  The  spinal  cord  of  a  dog  was  completely 
divided  across,  and  the  animal  was  kept  alive  for  a  considerable  time  afterwards ; 
suiHcient  time  was  allowed  to  elapse  (roughly  about  a  year)  for  all  traces  of  the 
degeneratioM  due  to  this  lesion  to  nave  disappeared.  The  eord  is  then  left,  as  it 
were,  like  a  cleaned  slate,  on  which  once  more  a  new  degenemtion  can  be  written 
without  fear  of  confusion  with  a  previous  one.  The  second  degeneration  produced 
by  such  an  operation  as  hemisection  would  then  affect  tbf  intni-spinal  fibres  only, 
all  the  long  tracts  from  brain  to  eord  havin^r  been  wiped  out  by  the  first  operation. 
The  complete  topography  of  all  tbese  hbres,  which  are  very  numerousT  has  not  ^et 
been  worked  out.  The  degenerated  fibres  are  scattered  throughout  the  white 
matter,  but  are  most  numerous  at  the  niargins  of  the  cord*  This  is  especially  true 
for  the  longer  fibres,  and  some  of  them  ap]iear  to  be  very  long  indeed.  In  the  case 
of  the  longer  fibres  there  is  no  evidence  of  decu.ssation  ;  in  the  ci»se  of  the  shorter 
fibres  there  is  some  evidence  that  they  in  part  cross  to  the  other  side. 

Complete  transverse  section  of  the  spinal  cord  leads  to : — 

1.  LosB  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
eectioD  on  both  sides  of  the  body.  The  paralysis  is  not  confined  to 
the  voltintary  muscles,  but  includes  the  muscular  fibres  of  the 
blood-vessels  and  viscera.  Hence  there  is  fall  of  blood-pressure, 
paralysis  of  sphincters,  etc. 

2.  Loss  of  sensation  in  the  same  regions, 

3.  Degeneration,  ascending  and  descending,  on  both  sides  of  the 
cord, 

HemlBection. — If  the  operation  performed  is  not  a  complete  cut- 
ting of  the  spinal  cord  across  transversely,  but  a  cutting  of  half  the 
cord  across,  it  is  termed  hemisection,  or  semi-section. 

This  operation  leads  to : — 

1.  Loss  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
BBCtion  on  the  same  side  of  the  body  as  the  injury. 

2.  Loss  of  sensation  in  the  same  region.  The  loss  of  sensation  is 
not  a  very  prominent  symptom,  and  is  Umifced  to  the  sense  of  localisa- 
tion and  the  muscular  sense.  The  animal  can  stUl  feel  sensations  of 
pain  and  of  heat  and  cold 

3.  Degeneration,  ascending  and  descending,  nearly  entirely  con- 
fined to  the  same  side  of  the  eord  as  the  injury.  The  most  important 
of  these  are  shown  in  the  photo-micrographs  (tig,  452)  on  the  next 
page,  the  small  text  beneath  which  should  be  carefully  studied. 

Ijiff»r$nt^  in  diferitnt  rftfhns  of  ihif  tplmd  cQrti^ — The  white  nmlter  decrcHses 
in  amount  from  above  downwards.  The  amount  of  grey  matter  varies;  it  is 
gre^atest  in  the  cervical  and  lumbar  eniarffcments,  viz>,  at  and  abowt  the  5th  Uimtiar 
and  6th  cervical  nerve,  and  least  in  the  thorac^ic  re^on.  The  great  est  development 
of  grey  matter  curres ponds  with  greatest  Dumber  of  nenre^fibres  passing  from  the 
cord. 

In  thu  c&tmrai  mltirt/ement  the  grey  matter  occupies  a  larj^c  proportion  of  the 
KectLon,  the  grey  commiWure  is  short  iind  thiek*  the  anterior  horn  is  blunt,  whilst 
the  posterior  is  somewhat  tapering.  The  anterior  and  posterior  roots  run  some 
distance  through  the  white  matter  liefore  they  reach  the  periphery^    At  the  extreme 


uppet  p^ti  of  Uie  crrTMl  regum*  the  emi  of  the  posterior  botn  is  swoOeti  out  1^ 
rii'^est  at  ncutc^}m  into  «  rmmded  tUASiS  tmlkd  the  m^atUia  ^t^tmogu  of  R^fiamdOk 
Hir  I'cr^ii^  cord  Ls  wider  from  tide  to  side  than  ^m  before  baek ;  tl&is  is  crnig 
to  the  gr»it  width  of  the  Uteml  cduzniu^ 

/n  tk*  i/or*d/  rvjrtG^  the  gpcj  nutter  bear^  only  a  small  propciftioii  la  the  white, 
■Ad  the  postetior  pxs^  m  parttt-ula;  run  a  long  onirse  through  the  white  matter  mftct 
tfacf  enter  the  cord ;  the  grt-y  romtiii«stJrc  is  thinner  and  narrower  tbjui   in   the 
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Fl^»  i&l— Tba  mbom  dlJifi^raiiis  ^n;  reproductloiu  of  p^iotio-EDlcKignpliA  tram  tho  cplziAl  cord  of  &  rijtmkfly, 
In  wbteh  tStift  opeiBtlaa  of  lefl  1iein|jM!€tlQn  hAtl  bees  rjwfonnacl  ■omo  wa«k»  pnvlcmstty  (MoU>.  T1i« 
VHiyon*  vtn  italaftcl  W  WftlRen'4  uifitbiid,  by  which  thA  ^rey  mtilter  1$  b1emcb«i]>  wkll?  tlie  bnltlij 
rhll«  cDftttor  zecbftlns  dark  blue.  Tlie  (1eg)«neriit«d  timcU  an  aljM>  b1ucb4d.  A  Is  t  ft«ctlqo  of  ihft 
CMwl  to  tli«  tfeoPKdc  nigton  below  tb«  l*»1oi3 ;  the  crowifld  jtyrwniklal  tract  is  do^^jneratwl.  B  la  • 
McUoti  lawflr  down  In  tbe  lambftr  tmlftTii^rtiQut ;  the  ilegcnantAtl  pyntufdAl  tr&rt  U  tvqw  ninaller, 
G  fam  section  In  thu  thuraclc  nj^an  womm  little  t|lJ!taRC«  nbove  the  IeiBk>ii.  Tbe  il«g«titint«d  U*cta 
MWD  am  ill  ihti  outer  part  of  Goll'i  oolomap  anil  In  the  direct  cerebaillaT  trrnct,  D  Ia  m  •sctloii  bIglMt- 
tip  In  thi  cervjc&l  tisdon  \  the  dagenerHitidD  In  Qolfff  eolnmtt  now  occDpiea  ei  raedlmi  poeltlon :  tb« 
iltgnnerAtlanii  in  the  dfioct  Gflmbolliir  timctt  aaft  Id  the  tfac^  of  Gowen,  mre  &hio  well  ibown.  Nctlw 
thai  fn  *U  eua  tbd  4«8iinei»te4l  tm^at  are  (m  tii«  «ame  aide  u  the  li^Qry. 

ccrvic-Eil  region.  The  intfrmedia-lBteTal  trat't  is  here  most  marked,  and  forms  a 
promititmcp  often  tvilled  the  lateral  horn.  This  is  showQ  tn  fig.  152  C.  Clarke's 
rotumn  is  also  confined  to  this  region  of  the  cord, 

in  the  iumbiir  tnlarfr*m*>nt  the  grey  matter  again  bears  a  very  large  pnvportion 
to  the  whole  size  of  the  transverse  section  *  but  its  posterior  comua  are  Miorter  and 
blunter  than  they  are  in  the  cervical  region  The  grey  commiitsure  is  short  and 
extremely  narrow.    The  cord  is  circular  on  transverse  section* 

jfj  tkfi  fti*p'*r  part  of  tht<  rnnus  nt^fiuJhrui^  which  is  the  portion  of  the  cord  im- 
mediately below  the  Inmbar  enbirgement«  the  grey  aubstanee  occupies  nearly  the 
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whole  of  the  transverse  section,  as  it  is  only  invested  by  a  thin  layer  of  white  sub- 
stance. This  thin  layer  is  wanting  in  the  neighboorhood  of  the  posterior  nerve-roots. 
The  grey  commissure  is  extremely  thick. 

At  the  level  of  the  fifth  tacral  nsrre  the  grey  matter  is  also  in  excess,  and 
the  central  canal  is  enlarged,  appearing  T-sha^  in  section  ;  whilst  in  the  upper 
portion  of  the  filum  termmale  the  grey  matter  is  uniform  in  shape  without  any 
canal. 


A  STUBKJrfs  first  gl&iic©  at  a  brain,  or  at  auch  a  drawing  of  it  aa  b 
given  in  fig.  453,  iml  be  saMeiaiit  to  eotiTince  him  of  its  compUcat  " 
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At  th6  lowest  part  of  the  braiii  (fig.  454),  continuiiig  the  spinal 
cord  upwards,  is  the  medulla  oblongata  or  hulh  (D),  Ne:ct  comes  the 
pom  Varolii  (C),  very  appropriately  called  the  bridge^  because  iu  it 
are  the  coimeetionB  between  the  bulb  and  the  upper  regions  of  the 
brain,  and  between  the  cerebellum  or  small  brain  (B)  and  the  rest  of 
the  nervous  system. 

The  mid-brain  comes  next  (a,  &),  and  this  leads  into  the  peduncles 
or  crura  of  the  cerebrum  (A),  the  largest  section  of  the  brain. 

Through  the  brain  rims  a  cavity  filled  with  cerebro-spinal  fluid 
(see  p.  178),  and  lined  by  ciliated  epithelium ;  this  is  continuous  with 
the  central  canal  of  the  spinal  cord.     In  the  bmin,  however,  it  does 


Fln^  4M»— Plan  in  outllbe  of  ibtt  braLUi  u  Been  froDi  tb«  rlKlib  Bid^.  4.  Th«  |,i«m  u«  rapinantorl  u 
tflpAFfttexl  from  ona  uotbeT  •ooiewbat  mon  thftu  DftturAl,  vq  i4  to  ebow  ihelr  ootuitfetlaitB.  A, 
cerebmiti ;  /«  p»  h,  Itii  antedDr,  mlddlfl,  ^d  pofltedor  lob^;  r,  ILuure  of  SylviHB',  B,  oetnbnltum  : 
Cf  poau  Vftit>lJj ;  D,  tiiedulla  oblOD^JitA;  tt^  pediiiu]t«  of  the  cerebrum :  />,  e^  d,  aapeiiori  mid41«,  aod 
infvjioT  p«diinclei  of  tbe  cerebelluTii.    (FniiD  ijliiitM.) 

not  remain  a  simple  canal,  but  is  enlarged  at  intervals  into  what  are 
called  the  Tentricles,  There  is  one  ventricle  in  ^ich  half  or 
hemisphere  of  the  cerebrum ;  these  are  called  the  lateral  vmiricles, 
they  open  into  the  third  mritricle,  which  is  in  the  middle  line ;  and 
then  a  narrow  canal  {aqutduci  of  Sylmu^)  leads  from  this  to  ih.B  fourth 
ventricle,  which  is  placed  on  the  back  of  the  bulb  and  pons,  which 
form  its  floor;  its  roof  is  formed  partly  by  the  overhanging  cere- 
bellum, partly  by  pia  mater.  This  piece  of  pia  mater  is  pierced  by  a 
hole  (Foramm  of  Magendie),  and  so  the  cerebro-spinal  fluid  in  the 
interior  of  the  cerebro-spinal  cavity  m  continuous  with  that  which 
bathes  the  external  surface  of  brain  and  cord  in  the  sub-arachnoid 
spaca     The  fourth  ventricle  leads  into  the  central  canal  of  the  spinal 
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LiMircL     The  fifth  vontrtcle  in  the  central  atruc tuxes  of  the  bmin  does' 
lot  communicate  with  the  others. 

Speaking  geoerally,  there  are  two  main  coUectioBS  at  grey 
matter — that  on  the  surface,  and  that  in 
the  interior  bordering  on  the  Qerebro-apiiul 
cavity,  and  subdivided  into  various  maeses 
(floor  of  fourth  ventricle,  corpora  striata, 
optic  thalami,  etc.),  whose  closer  acquaint- 
ance we  shall  make  presently. 

In  the  foetus  the  central  nervous  system 
is  formed  by  an  infolding  of  a  portion  of  th& 
surface  epi blast     This  becomes    a    tut^e  of 
nervous  matter,  wliich  loses  all    conDectiQti 
with  the  surface  of  the  body,  though  later 
in  life  this  is  in  a  sense  re-estabtished  by  the 
nerves  that  grow  from  the  brain  and  cord  to 
the  surface.     The  anterior  end  of   this  tube 
liecomes    greatly    thickened,    to     fonn    the 
brain,  its  cavity  becoming  the  cerebral  ven- 
tricles;   the  rest  of  the   tube    becomes    the 
spinal  cord.    The  primitive  brain  is  at  first 
subdivided    into    three  parte,   the  primary 
vGTebrai  veddes ;  the  first  and  third  of  these 
again  subdivide,  so  that  there  are  ultimately 
five    divisions,    which    have    received    the  M 

following  names : —  | 

I 

1.  Proe-encephalon,  telmieph^ilon  or /or$ 
brain.  This  is  developed  into  the  cerebrum 
with  the  corpora  striata.  It  encloses  the 
lateral  ventricles.  M 

2.  Tbalam-encephalon,  diem -epha Ion  or 
htrhU  hraiJi.  This  is  developed  into  the  parts 
including  the  optic  thalami,  which  enclose 
tlio  third  ventricla 

3.  Mes^encephalon,  or  mid  brain,  con- 
sists of  the  parts  which  enclose  the  aque- 
duct of  Sylvius- — namely,  the  corpora' 
quadrigemina,  which  form  its  dorsal,  and 
the  crura  cerebri,  which  form  its  ventral. 
aspect 

L  Met<«ncephalon,  or  hind  brain,  which  forms  the  cerebellum' 
and  pons. 

5,  Myet-encephalon,  or  a/Ur  brain,  which  forms  the  bulb  or 
metlulla  oblongata. 


Fiti.  *W*— Dlagf*itiiii*Uu  lior*- 
jsmliil  afKUon  df  &  verUibrmte 
brmtn.  Th4  ft^urraavrvebath 
Fur  tili1«  Hnd  ibo  nt%t  ilUgrani. 
hth,  mli:)*bnLfn :  what  iW  bi 
rrontoifthia  H  the  Tcire-i  kiiH 
wbut  Sine*  IxUiindt  thn  bbvl- 
brajji  I  U,  lanitnAtofnilnAlia ; 
Oift  otl^^tcify  lciba»;  fimj*, 
1lliinlilili«w  i  Tk.  St  UiaU' 
ititfHWphsl^ti ;      ri»»     iiLueal 

K/V.,  rDmin^D  of  Mil  tiro;  rji, 
fyirriiiH  ■trtfttuni  i  Th,  opUc 
thiilminiifl  ;  C€,  ururn  ounsbil  j 
th«  muM  lying  Abcivt  UiecttnMl 
r9[>n»nta  tha  corpon  numU 
Ffgeinlnn  \  Ch^  oenbeHmti ; 
M.0^t  fnofluUiL  oblflngtitAt 
f—IX,  nine  pairs  &t  cnnlil 

fli  ttilrtl  Tantrlcle ;  4,  fuarth 
VAtitrld«i  4-,  ttor  a  tflnlo 
ml  qnAitum  vetitrlctiliiin:!,  or 
aquedool  of  Sylvius. 

(IluxkyO 
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Figs.  455  and  456  represent  a  diagrammatic  view  of  a  vertebrate 
brain;  the  attachment  of  the  pineal  gland,  pituitary  body,  and 
olfactory  (I)  and  optic  (II)  nerves  is  also  shown. 


Fin.  450.— Longitudinal  and  vertical  dj 
PV,  pong 
(Huxley.) 


matlc  section  of  a  vertebrate  brain.    Letten  an  before. 
py,  pons  Varolii.    Lamina  terminalle  is  represented  by  the  strong  black  line  Jotoing  Pn  and  I'y. 


The  bulb  is  Bsen  to  be  shaped,  like  an  invBited  tnincatad 
cone,  larger  than  the  spinal  cord,  and  enlarging  aa  it  goes  up  until 
it  terminates  in  the  still  larger  pons  (fig.  457,  p).  In  the  middle  Uae 
is  a  groove,  which  is  a  continuation  upwards  of  the  anterior  median 
fissure  of  the  spinal  cord ;  the  columns  of  the  bulb  are,  speaking 
roughly,  continuations  upwards  of  those  of  the  cord,  hut  there  is  a 
considerable  rearrangement  of  the  fibres  in  eack  Thus  the  pronunent 
columns  in  the  middle  line,  called  the  pyramids  (a  a)^  are  composed 
of  the  pyramidal  fibres,  which  in  the  spinal  cord  are  situated  princi- 
pally in  the  lateral  colmnns  of  the  opposite  side  (crossed  pyramidal 
tracts).  The  decussation  or  crossing  of  the  pyramids  (5)  occurs  at 
their  lower  part:  a  small  collection  of  the  pyramidal  fibres  is, 
however,  continued  down  the  cord  in  the  anterior  column  of  the  same 
aide  of  the  cord  (direct  pyramidal  tract):  these  cross  at  different 
levels  in  the  cord. 

On  tho  outer  side  of  each  pyramid  is  an  oval  prominence  (c  c), 
which  is  not  represented  in  the  spinal  cord  at  all.  These  are  callea 
the  olivary  bodies  or  olives ;  they  consist  of  white  matter  outside, 
with  grey  and  white  matter  in  their  interior. 

The  resti/orTn  bodies  at  the  sides  (ji  d)  are  the  continuation  upwards 
of  those  fibres  from  cord  and  bulb  which  enter  the  cerebellum,  and 
the  upper  part  of  each  restiform  body  is  called  the  if/ffricr  peduncle 
of  the  cerebellum.^ 

*  Each  half  of  the  cerebeUum  has  three  peduncle** :  inferior,  middlcf  and 
superior. 
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Posterior  Aspect. 

Fig.  458  shows  a  surface  view  of  the  back  of  the  bulb,  ponSi  and 
mid-brain.  Again  we  recognise  some  of  the  parts  of  the  spinal  cord 
continued  upwards,  thongh  generally  with  new  names,  and  again  we 
see  certain  new  structures. 

The  posterior  median  fissure  is  continued  upwards,  and  on  each 
side  of  it  is  the  prolongation  upwards  of  the  posterior  column  of 


n. 


:3/ 


FlO.  4&T*— Veotral  ar  anterior  irijrfftPfl  of 
th^panH  VKfoUI.llfid  tn«<JtlIlil  obloti- 
gata.   Qp  a,  pynmi'lt  p  ft^  their  >1«i?ai* 

refltlfarm  bodLeA;  e^  AKuutt  nbn»; 
/,  fibre!)  pjtutng  t^m  thv  aDtfirLof 
column  of  tb««  ftird  to  tli*  (WW- 
bftUiim  ;  ff,  Atit«Hor  column  of  Um 
epiital  cord ;  h^  latonU  coLamn :  p, 
liam  Varolii;  t,  Ita  uppw  flbm; 
&,  5,  TQotA  of  the  nftb  pjifr  of  nflrraa^ 


f 


If  10^  468.— Dar«Al  or  poiterior  lurfAca 
of  tbe  pona  VnrglJi^  rajrpora  qaad- 
ligetnluk,  and  uie^JutlA  oblougmta. 
TEa  pe<Juno1a  of  Ibfl  carftbAUum 
HTB  cut  nhorl  At  tli«  tld«i,  a^,  a,  the 
upper  pAtr  of  coipora  quadrl* 
gBmlna;  h,  h,  ths  lower;  /»  /,  lupe- 
TioT  pMuueltifl    df  tlin    (!«nb«niii7i ; 

e,  fltiilEieiice  i::onjiei!t«<]  tAi'Rh  tha 
nucleus  of  tbe    byiJOgloBoal  nerve : 

f,  tbftt  of  the  KioiKt^pIuirytigeal 
ner^'ei  i,  tbftt  of  thft  T^jni  narvfl; 
df  d,  rtatlforttt  bodlw;  p,  p,  potte- 
rlor  oolumnA;  p,  v,  ktoova  in  the 
middle  of  the  fonrtb  veutricl^i 
eadicig  below  In  th«  c^luims  tcrtp^ 
torloB ;  7,  T,  root«  of  the  auditory 


the  cord.    The  column  of  GoU  is  now  called  the  Funiculm  ^raeilis, 
and  the  column  of  Burdach  the  Funiculus  cumatus. 

The  two  funicnli  graciles  lie  at  first  aide  by  side,  but  soon 
diverge  and  form  the  two  lower  boundaries  of  a  diamond-shaped  space 
mlled  the Ji^or  of  ths fourth  mnlriclis ;  this  is  made  of  grey  matter; 
the  central  canal  of  the  cord  gets  nearer  and  nearer  to  the  dorsal 
surface  of  the  bulb,  till  at  last  it  opens  out  on  the  back  of  the  bulb, 
and  its  eurrounding  grey  matter  is  spread  out  to  form  the  floor  of 
the  fourth  ventricle.    The  two  upper  boundaries  of  the  diamond -shaped 
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apace  are  niade  by  the  superior  peduncles  of  the  cerebelluin,  wMth 
contain  fibres  going  up  through  the  mid-brain  to  the  cserebnim. 
The  middle  peduncTeB  of  the  cerabelluni  are  principally  made  up  af 
fibrea  running  from  one  cerebellar  hemisphere  towards  tha  other 
through  the  pons. 

Running  down  the  centre  of  the  floor  of  the  fourth  ventricle  ii 
a  shaUow  groove;  on  each  side  of  this  is  a  rouzuled  longitudinal 
eminence  called  the  eminmtia  im-es;  running  across  the  middle  of 
the  floor  are  a  number  of  fibres  (the  strict  acovMicm),  which  join  the 
auditory  nerva 

In  the  upper  part  of  the  diagram,  the  mid-brain»  with  the  corpora 
quadrigmiiTm  (a  a,  h  5),  is  shown.  Her©  there  ia  once  more  a  canal 
which  penetrates  the  substance  of  the  mid-brain,  and  is  called  the 
aqueduct  qf  Sylvius,  or  the  iter  a  tirtia  ad  ^uarium  ventriculum ;  it 
leads,  as  its  name  indicates,  from  the  third  to  the  fourth  vantricla 

The  Internal  Structure  of  the  Bulb,  Pona,  and  Mid-Bi^in, 

The  structure  of  the  interior  of  these  parts  is  complex^  and  the 
complexity  arises  from  the  circumstance  that  here  we  have  to  deal 
not  only  with  parts  running  upwards  from  cord  to  brain,  or  down 
from  brain  to  cord,  but  abo  with  a  considerable  amount  of  grey 
matter  in  which  some  of  the  white  tracts  terminate,  or  from  which 
new  tracts  issue.  The  most  important  stretch  of  grey  matter  is  that 
which  appears  on  the  floor  of  the  fourth  ventricle,  and  which  ia 
continued  upwards  around  the  Sylvian  aqueduct,  and  do¥mward8 
into  the  spinal  cord ;  here  are  situated  groups  of  nerve-cells,  which 
are  spoken  of  as  centres,  or  nuclei  The  most  important  of  these  are 
those  which  are  connected  with  the  cranial  nerves*  There  are 
twelve  pairs  of  cranial  nerves,  and  of  these  the  last  ten  pairs  originate 
from  the  floor  of  the  fourth  ventricle  or  the  neiglibouring  grei 
matter* 

The  following  is  a  list  of  the  cranial  nerves : — 

1.  Olfactory.-^TlnB  is  the  nerve  of  smell 

2.  Optic. — This  is  the  nerve  of  sight 

/  „f    AZ-rt      I  These  thrse  nerves  supply   the  muselea  of 

6.  AbduceZ    J  ^y^^^*- 

5.  TrigeminaL — This  is  the  great  sensory  nerve  of  the  face  and 
head.     Its  smaller  motor  diviaion  supplies  the  muscles  of  masticatic 
and  a  few  other  muscles  also. 

7\  FcLciaL — This  is  mainly  the  motor  neiTO  of  the  face  muscles. 

8*  Avditiyry, — This  is  divided  into  two  parts,  one  of  which,  called 
the  cochlear  nerve,  is  the  true  nerve  of  hearing,  and  is  distributed  to 
the  cochlea  of  the  internal  ear ;  the  other  division,  called  the  vestibular 


ca  xLiv.] 


GKAHIAL  NERVES 


641 


nerv6j  is  distributed  to  the  veBtibuIe  and  semiDircular  c^mals  of  the 
internal  ear. 

9.  GlosBO-pharyngeaL— This  is  a  mixed  nerve ;  its  motor  fibres  pass 
to  certain  of  the  pharyngeal  muscles ;  its  sensory  fibres  are  mainly 
concerned  in  the  sense  of  taste, 

10.  Vag^is  or  p'neu7nogastric. — This  is  a  nerve  with  varied  efferent 
and  afferent  functions;  its  branches  pass  to  pharynx,  larynx, 
ccsophagus,  stomach,  lungs,  heart,  intestines,  liver  and  spleen. 
These  functions  we  have  already  studied  m  connection  with  those 
organs, 

11,  Spinai  accessory, — The  internal  branch  of  this  nerve  blends 
with  the  vagus,  and  its  larger  external  division  supplies  the  trapezius 
and  the  s  tamo -mastoid  muscles, 

12,  ffypogl(mal.^^ThiE  is  the  motor  nerve  to  the  tongue  muscles, 
A  mere  enumeration  of  the  nerves  connected  to  the  bulb  shows 

how  supremely  important  this  small  area  of  the  brain  is  for  carrying 
on  the  organic  functions  of  life.  It  contains  centres  which  regulate 
deglutition,  vomiting,  the  secretion  of  saliva,  etc.,  respiration,  the 
heart's  movements,  and  the  vaso-motor  nerves. 

When  we  further  consider  that  the  various  centres  are  connected 
by  groups  of  association  fibres,  we  at  once  realise  the  reason  for 
the  complexity  of  the  structures  where  all  this  busy  traffic  takes 
place. 

In  the  enuroeration  of  the  cranial  nerves,  it  will  be  noticed  that 
many  of  them  are  either  wholly  motor  or  wholly  sensory,  and  that 
some  of  them,  like  the  spinal  nerves,  have  a  double  function.  The 
motor  nerve  fibres  start  as  axons  from  the  groups  of  nerve-cells  in 
the  grey  matter  of  this  region,  just  as  the  motor  fibres  in  the  spinal 
nerves  originate  from  the  ceUs  of  the  spinal  grey  matter.  There  is 
a  corresponding  resemblance  in  the  origin  of  the  sensory  fibres  of 
the  cranial  and  spinal  nerves.  In  the  latter,  it  will  be  remembered, 
they  originate  as  outgrowths  from  the  cells  of  the  spinal  ganglia,  one 
branch  growing  to  the  periphery^  and  the  other  to  the  spinal  cord, 
where  it  terminates  after  a  more  or  less  extended  course  by  forming 
synapses  with  the  cells  of  the  grey  matter.  In  the  cranial  nerves 
they  have  a  corresponding  origin  in  peripheral  ganglia,  and  those 
branches  which  grow  towards  the  bulb  terminate  by  arborising  around 
special  groups  of  ceUa  spoken  of  as  the  sensory  nuclei. 

The  following  diagram  (fig,  459)  roughly  indicates  the  position 
of  these  nuclei ;  the  motor  nuclei  are  coloured  blue,  and  the  sensory 
red.  It  must,  however,  be  clearly  recognised  that  while  the  motor 
nuclei  are  true  centres  of  origin,  that  the  so-called  sensory  nuclei  are 
groups  of  cells  around  which  the  entering  sensory  fibres  arborise ;  these 
cells  do  not  give  origin  to  the  axons  of  the  sensory  neive&  After  we 
have  studied  the  internal  structure  of  the  bulb  we  shall  be  able  to 
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the  nuclei  of  the  eighth  nerve  (only  one  of  which,  VIIIwi.,  is  seen  in  the 
diagram),  and  the  glossopharyngeal  and  vagal  portions  of  a  long 
strand  of  nerve-cells  called  the  combined  ntLcleus  of  the  ninth,  tenth, 
and  eleventh  nerves.  The  remaining  nuclei  (coloured  blue)  are 
efferent,  and  may  be  principally  arranged  into  two  groups: — (1)  the 
nuclei  of  the  third,  fourth,  sixth,  and  twelfth  nerves,  wiiich  are  close 
to  the  middle  line ;  and  (2)  the  motor  nucleus  of  the  fifth,  the  nucleus 
of  the  seventh,  and  the  nucleus  ambiguus  (motor  nucleus  of  the  ninth 
and  tenth  nerves)  which  form  a  line  more  lateral  in  position. 

It  should  be  added  that  van  Gehuchten  has  shown  that,  except 
a  few  fibres  of  the  third,  and  the  whole  of  the  fourth  nerves,  none 
of  the  fibres  of  the  cranial  nerves  cross  to  the  opposite  aida 


'\ 


\ 


The  first  two  pairs  of  cranial  nerves,  the  olfactory  and  Ilia  * 
will  be  studied  in  connection  with  smell  and  vision  later  on. 

We  can  now  pass  to  the  consideration  of  transverse  fifielii 
this  part  of  the  central  nervous  system.     We  will  limit  i 
seven,  the  level  of  which  is  indicated  in  the  above  diagrui  { 
The  cerebelluni  has  been  bisacted  into  two  halves  and  I 
wards,  its  upper  peduncles  having  been  cut  through  to 
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parts  more  evident     The  podtioD  of  our  seven  sections  is  indicated 

by  the  transverse  linea  numbered  1  to  7, 

First  section. — TMj  is  taken  at  the  lowest  level   of  the  bidh, 

through  the  region  of  the  dectiss&tlci 
O  ^  of  the   pyramida.      The  simikrily  to 

the  cervical  cord  will  be  at  once 
recognised;  the  passage  of  the  pyn- 
midd  fibres  (P)  from  the  anterior  p^ 
of  the  bulb  to  the  crossed  pyramidal 
tract  of  the  opposite  side  of  the  coit! 
cuts  off  the  tip  of  anterior  horn  (A), 
which  in  sections  higher  up  appears  as 
an  isolated  mass  of  grey  matter,  called 
the  laUrai  nuclmis  (fig.  462,  nly  The 
V  formed  by  the  two  posterior  horns 
is  opened  out,  and  thus  the  grey 
matter  with  the  central  canal  is  brought 
nearer  to  the  dorsal  aspect  of  the  biUb; 
the  tip  of  the  cornu  svi^eUs  out  to 
form  the  svh^taniia  gdaiinosa  of  Bo- 
lando  (E),  which  causes  a  prominence 
on  the  surface  called  the  iubercU  qf 
Bolando;  Gr  and  G  are  the  funiculi 
gracilis  and  cunsatus  respectively,  the 
continuations  upwards  of  the  columns 
of  GoU  and  Bardach. 

Muny  of  the  fibres  of  the  pyramidal  tract  terrainate  in  the  mid-bmia  and 
jHJTis,  hence  this  trad  is  reduced  in  size  when  it  reaches  the  biilb.  The  pvramidal 
tibrca  on  their  long  journey  give  off  collaterals  to  the  cortex  cerebri,  trie  basal 
ganglia  of  the  cerebrum,  the  ,substaiitia  nigra  of  the  mid-brain,  the  nuclei  pantt?^  Qf 
the  pons,  iind  lower  down  In  the  oord  to  the  bfise  of  its  posterior  hom^  They, 
however*  do  not  give  off  eolUiterals  to  the  motor  nuclei  of  the  cranial  nerves  od  their 
passage  through  the  bulb  (Schafcr).  The  onJy  collaterals  given  off  in  this  region 
are  a  few  to  the  olivary  nuclei- 

Second  section  (fig.  462).^Thia  is  taken  through  the  upper 
part  of  the  decussation.  Beginning  in  the  middle  Une  at  the  top  of 
the  diagram,  we  see  first  the  posterior  median  fissure  (p.m/),  below 
which  is  the  grey  matter  enclosing  the  central  canal  (c.c),  and  con- 
taining the  nuclei  of  the  eleventh  and  twelfth  nerves ;  the  funiculus 
gracilis  (f^g.)  comes  next,  and  then  the  funiculus  cuneatus  (/.a) ;  these 
two  funiculi  have  now  grey  matter  in  their  interior:  these  masses 
of  grey  matter  are  called  respectively  nti^leus  gracilis  {n.g.)  and 
nucleus  (mneatus  (nx.) ;  the  fibres  which  have  ascended  the  posterior 
columns  of  the  cord  terminate  by  arborising  around  the  celb  of  this 
grey  matter ;  the  fibres  from  the  lower  part  of  the  body  end  in  the 
nucleus  gracilis,  and  those  from  the  upper  part  of  the  body  in  the 
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«!aDftLtQai,  ciiaUn  nation  of  calunm  cif 
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nucleus  cuneatus.  These  nuclei  form  a  most  important  position  of 
relay  in  the  course  of  the  afferent  fihres  from  cord  to  brain.  The 
new  fibres  (the  second  relay  of  the  sensory  spinal  path)  arising  from 
the  cells  of  these  nuclei  pass  in  a  number  of  different  directions,  and 
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FiO^  ^03.— TriAiTSna  lactloti  ar  the  wfHliillA  ablpngat^  in  I  he  regiun  uf  Ihe  tapttrkit  decuftutlou.  a.m/.i 
AiiMrior  m«diu)  flMtira ; /.a.,  iup«rllct*l  Anraaia  Qtiraa-  pn.j  pyninid;  fl.ii.rHt  nuclei  of  drcufttt 
UbTtm  I  f.a^t  deep  ftiCQAte  flbres  oecoming  flupnrflclith  o,  o',  lowoir  «ad  of  olivnry  Tmeleqsi  n.t.^ 
nu.i'1eu4  ]:a,t«mHM;  f.r^t  futtnAtld  mtfcuLirU;  f*ft^,  AruEtfttii  flbrea  pfooeedlDg  from  Ihe  fonumUa 
nitkularlfl;  g,  eubstBiitki  gektluosa  of  llolwido ;  tl,V.^  dHcendtiig  root  of  AfUi  nervo; /.e«, 
funic  Ell  01  canutui;  n.c,  nucleai  cimeRtaa;  n,e.\  <iiKt«nuil  munento  nuclsna;  n.g.,  nudimi 
^ntiliMi  f.g,,  fasiiiiulm  gimcilfit  p^mj,^  pcnteiflor  moiilimii  fl«Bn»;  e,eu^  cflotn]  cuml  aumtubilmJ 
by  grey  mAt^t  lit  which  a,n  n^XL,  nocleai  of  ib«  «ilevflntb  und  f^XlL,  nucleus  of  the  twelftb 
Oftrvfl?  *.(l.i  superior  ddcusHitlaD  fdBcoaMtfoa  of  dUet).    (Modlflwl  frttm  acbw»lb*.J 


break  up  the  rest  of  the  grey  matter  into  what  is  called  the  formatio 
reticularis. 

The  nucleus  gracilis  and  nucleus  cuneatus  are  often  spoken  of  as 
the  posterior  column  nucM ;  they  do  not  receive  all  the  ascending 
branches  of  the  posterior  root  fibres,  for  a  number  of  these  branches 
have  already  entered  the  grey  matter  and  arborised  amongst  its  cells 
in  the  spinal  cord  itself.  The  cells  of  the  posterior  column  nuclei 
are  of  moderate  size,  and  their  axons  pass  as  internal  arcuate  ^brm 
into  the  reticular  formation  between  the  two  olivary  bodies,  which 
is  known  as  the  intcr-olivary  laytr.  They  cross  the  median  raphe 
dorsal  to  the  pyramids,  and  then  turn  upwards  towards  the  upper 
parts  of  the  brain,  and  so  constitute  what  is  known  as  the  fillet  In 
the  higher  parts  of  the  bulb  and  pons,  this  tract  is  reinforced  by 
fibres  from  the  cells  of  the  sensory  nuclei  of  the  cranial  nen^es. 
The  fillet  becomes  a  longitudinal  bundle,  which  pasaea  upwards  to 
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voriouB  parts  of  the  cerebrum,  but  the  sensory  impulBes  go  throix^ 
one  or  more  cell-stations  (positions  of  relay)  before  they  ultitDatelf 
arrive  at  the  cortex.  We  now  sea  that  the  brain  has  m  i^ossed 
relationship  to  the  body,  the  left  half  of  the  brain  governing  the 
right  half  of  the  body,  and  vice  versd,  both  as  regards  motion  and 
aensation;  the  motor  fibres  mostly  cross  at  the  dacuesation  of  the 
pymmide,  some  few  (those  in  the  direct  pyramidal  tract)  crosemg  at 
lower  levels  in  the  cord;  the  sensory  fibres  mostly  cross  at  the 
decussation  of  the  fillet,  though  some  few  cross  at  lower  levels  in  the 
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Vm^  44S.— Section  Qt  tbe  mviuIUi,  obloDgaU  «t  about  Iba  niLilille  of  tba  oJlyary  bad>%  fJ^a^,  AfttKifl 
m«dlaji  aMflan ;  H.ar*^  ttudcim  vrcuacus ;  p»  pyramH ;  XILt  bundls  of  b^pogt{}<i;$i&l  nflrv«  etiief]£|_^ 
f^m  the  surTan;  «t  b,  Et  UfieAU  cottnLtig  between  the  pymmkl  uad  iha  ^Iv^ry  riudeti^,  o  :  /,a,t^, 
Q^ctemal  arcuate  llbni  ;  nJ,,  nnclffUA  lateinillA  ^  a.^  arietii.t«  tihm  ptif^hug;  towards*  r»tifarm  bodj, 
^)ait<)y  ihrouifh  thi  NaWtsntta  g]e]jitiDoaaf  i;.,  i^artly  aup^irlldi]  la  VbB  detdoiding  toot  of  Ih^  nfib 
tiervo,  d.y. ;  X.,  bundlo  of  vaj.?tia  root  ememlog;  /.r.»  funDiitto  i^tlcularUj  C,r,^  curjim  Tvatlfonnfl, 
beginning  to  bfi  fanue<i,  cMelty  b>'  arcuate  Qbm,  mparHcl&l  and  dt&p  r  n.e^,  nucl«'U^><  cnueAtQ* ;  «i.^.» 
nndeuR  gracUli;  t^  attachmQiit  uf  tbo  }isaliti /**'■»  taaiculat  aatltarlita;  it^JT.i  n.X*\  two  pajrta  of 
ttio  vi^rus  Dudifas^  n.XII.t  bypo^loavaJ  puddas;  nX^  HUd«ua  of  the  fUDiculua  tfiras;  fi.aM., 
nudenH  Ambtgaaa;  r^,  raplia;  A,,  oontlnnatjon  of  the  mnteiior  column  of  cord;  c/^  &\  ttooeuoijr 
olivsry  nucjatlM  ■  p.eA,,  peduDmiliia  61ir».    (Mudiflod  tram  BdiwalbQ.) 

cord,  80011  after  their  entraoee  into  the  cord  by  the  posterior  nerve- 
roots, 

Other  points  to  be  noticed  in  the  section  are  the  substant 
gektinoaa  of  Kolando  (g)  (rt;presenting  the  tip  of  the  posterior  comu 
of  the  cord),  now  separated  from  the  surface  by  the  descending  root 
of  the  fifth  nerve  {d,  V.) ;  the  lateral  nucleus  (n  I)  (remains  of  the 
anterior  cornu  of  the  cord) ;  the  lower  part  of  the  grey  matter  of  the 
oHvary  body  (o,  a'),  and  most  anteriorly  the  pyramid  (py). 

Third  eection. — This  (fig.  463)  is  taken  at  about  the  middle  of 
the  oUvary  body,  and  passes  also  through  the  lower  part  of  the  flooj 


OH.  xurn 


TRANSVmSl  SlCTTOirS  OF  BULB 


of  the  fourth  ventricle.  The  central  canal  has  now  opened  otit  into 
the  fourth  ventricle,  and  the  grey  matter  oe  its  floor  contains  the 
nuclei  of  the  twelfth  and  tenth  nerves;  bundles  of  the  fibres  of  these 
nervea  course  through  the  substance  of  the  bulb,  leaviag  it  at  the 
places  indicated  in  the  diagram. 

The  nucleus  gracilis,  nucleus  cuneatus,  are  pushed  into  a  more 
lateral  position,  and  higher  up  are  replaced  by  small  niasaes  of  grey 
matter  mingled  with  nerve-fibres  (nnclms  posteriw) ;  the  resH/orm 
hody  (Cn)  now  forms  a  weU-markod  prominence,  and  the  olivary 
body  is  well  seen  with  its  dentate  nuckiis ;  from  the  open  mouth  of 
this  corrugated  layer  of  grey  matter  a  large  number  of  fibres  issue, 
and  passing  through  the  raphe,  course  as  internal  arcuate  fibres  to 
the  opposite  restiform  body,  and  thus  to  the  cerebellum ;  some  pass 
to  the  restiform  body  of  the  same  side;  the  continuation  of  the 
direct  cerebellar  tract  of  the  cord  also  passes  into  the  restiform  body* 
Its  fibres  terminate  by  arboriaations  round  Purkinje's  cells  in  the 
vermis  of  the  cerebellum.  The  continuation  of  the  tract  of  Gowers 
lies  just  dorsal  to  the  olivary  body.  The  funimlua  Boliiarius  and 
nuclmis  ambigum^  also  seen  in  this  section,  will  be  considered  in 
our  account  of  the  origin  of  the  ninth  and  tenth  cranial  nerves. 

Fourth  section  (fig.  4G4). — This  is  taken  through  the  middle  of 
the  pons,  and  shows  much  the  same  kind  of  arrangement  as  in  the 
upper  part  of  the  bulb.  The  general  appearance  of  the  section  is, 
however,  modified  by  a  number  of  transversely  coursing  bundles  of 
fibres,  most  of  which  are  passing  from  the  cerebellar  hemispheres 
to  the  raphe,  and  form  the  middle  cerebellar  peduncles.  Intermingled 
with  these  is  a  considerable  amount  of  grey  matter  (nuclm  poniis). 

From  the  cells  of  the  nuclei  pontis,  many  of  the  fibres  of  the  middle 
peduncle  take  origin,  and  many  fibres  and  collaterals  of  the  pyramidal 
tract  arborise  around  them.  The  continuation  of  the  pyramids  (py)  is 
emijedded  between  these  transverse  bundles.  The  pyramidal  fibrea 
which  terminate  in  the  pons  are  situated  postero^laterally,  and  are 
spoken  of  as  cortico-pontine  in  contradistinction  with  those  of  the 
pyramidal  tract  proper  (cortico-apinai}  which  pass  down  through  the 
bulb  to  the  cord. 

The  pyramidal  bundles  are  separatad  from  the  reticular  formation 
by  deeper  transverse  fibres,  which  constitute  what  is  known  as  the 
trapmum  (t).  These  fibres  belong  to  a  difl^erent  system,  and  form 
part  of  the  central  auditory  path ;  some  of  them  connect  the  auditory 
nuclei  of  the  two  sides  together.  The  larger  olivary  nucleus  is  no 
longer  seen,  but  one  or  two  small  collections  of  grey  matter  (a.s.)  repre- 
sent it  and  constitute  the  svpsrior  olivary  nucleus.  These  as  well  as  a 
collection  of  nerve-cells  in  the  trapezium  (nucleus  of  th^  trapezium) 
are  connected  with  fibres  of  the  trapezium,  while  some  of  their  axons 
pass  into  the  adjacent  lateral  part  of  the  fillet. 


8TEU0TUKE  OF  THl  BULB,  K)HB^  AHD  MTD-BrIS^      [ohT^StT 

The  nudmis  6f  Ddiers  (n.  VIIT,  fig.  464)  begins  to  appear  in  the 
upper  part  of  the  bnlb,  and  extends  into  the  pons;  it  lies  near  the 
floor  of  the  ventricle,  a  little  mesial  to  the  restiform  body.  The 
nerve-fibres  connected  with  its  cells  pass  towards  the  middle  line, 
and  enter  the  posterior  longitudinal  bundle,  which  is  more  clearly  seen 
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Fta<  404p— SecUon  acrou  bhn  t»oiiAi  Hbout  Urn  mHdlo  of  tlifl  fbuith  v^trlclii.  p^.^  pyninidbl  bnadtaii 
jMj.p  tniiBverse  tibres  pauing  po,  beblnd^  and  |m),,  In  f!xm%  of  pji ;  r.*  raph« ;  o.«»,  Buwri<?r  ollire; 
a.K.,  bundles  of  motor  root  of  V ,  n^rvQ  »nc1oHfidtn  h  proloixgrntion  of  the  ftut«'t«n«  of  Rola.udo;  (; 
tnkpSJEltim  ;  T/.,  tha  Blxtb  tiervv,  n^n.ilta  tiudflua  ;  T//.^  fnct&l  nervfl ;  VIJ.  d.|  tntaTmedliite  por> 
tiotit  n.F//.i  lu  nu clans;  VIU^,  auditory  n&rv«,  nJ'IILt  l^Aften'  audeui  formdrly  calleid  tM 
btsril  nucleaa  of  tbft  Auditory.    ( A(t«r  Qq  a3  n ,) 

in  the  two  next  sectionB  (fig,  465).  This  bundle  of  fibres  connects 
Deiters'  nucleus,  the  nucleus  of  the  third  and  sixth  nerves,  and  the 
anterior  hora  ceUs  of  the  spinal  cord.  The  fibres  which  pass  into  it 
from  Deiters'  nucleus  bifurcate,  one  branch  passing  upwards  to 
arborise  around  the  cells  mainly  of  the  oculo-motor  nucleus  of  the 
opposite  side ;  the  other  extends  downwards  through  the  bulb  into 
the  cord,  where  they  are  found  in  the  antero-lateral  descending  tract 
of  each  side.     They  end  by  synapses  around  the  anterior  horn  calls. 

This  bundle  receives  in  addition  to  the  fibres  from  Deiters*  tiucleus,  other  fibres 
^tn  the  sensory  nucleus  of  the  fifth  nervct  and  from  Ui^e  cells  In  the  reticular  for- 
mation of  mjd^brain^  pons,  and  l)ulb. 

The  nerves  which  are  connected  with  the  grey  matter  of  thia 
region  of  the  pons  are  the  sixth,  seventhj  and  eighth,  as  shown  in  the 
diagram.  The  nuclei  in  connection  with  the  fifth  nerve  are  higher 
up,,  where  the  floor  of  the  ventricle  is  again  narrowing.  At  last,  in 
the  region  of  the  mid-brain,  we  once  more  get  a  canal  (Sylvian 
aqueduct)  which  corresponds  to  the  central  canal  of  the  spinal  cord. 
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Fifth  and  Sixth  sections  are  taken  through  the  mid-brain,  and 
are  drawn  on  a  smaller  scale  than  the  others  we  have  been  examin- 
ing ;  thej  represent  the  actual  size  of  the  aections  obtained  from  the 
human  Bubjeet. 

Near  the  middle  is  the  Sylvian  aqtieduct,  with  its  lining  of  cihated 
epithelium.  In  the  gtBj  matter  which  surrounds  it  are  large  nerve- 
cells  from  which  the  fourth  nerve,  and  higher  up  the  third  nerve, 
originate ;  the  fibres  of  the  third  nerve  are  seen  issuing  from  these  in 
fig,  465,  B.,  Ill  The  reticular  formation  of  the  pons  is  continued  up 
into  the  mid-brain,  and  is  called  the  te^mmtum.  It  is  composed  of 
both  longitudinal  and  tmnsverse  bundles  of  fibres  intermingled  with 
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Fio,  466. — OulllDt  of  two  secUcmi  uraa  ilie  mtd-bmln :  A,  throngb  the  mlftdle  of  tbt  iufodor ;  B, 
tbrougU  tb#  mtJdla  of  the  HuptdorOCffpora  t|uaiirij;^aiiiift,  CQ.  Cf.,  cntita;  i4.N.,  ftuLat&ntla  til^ra 
— Ahowb  only  oii  oti«  iMe ;  T,  tflgmfltitu^En ;  S,  ^jrlviaa  AquoJaet^  with  IN  fiorroiibdlrig  gray  ni&ttar; 
L.G.,  laUimL  tffoove-  p.i.,  pcnwtor  longi^dlou  baodlfi;  ci,r,,  dMCMndln^  root  of  ttaa  tiftb  oerve; 
S.C.P.,  fl^pArioT  cflTBbalUr  ti«dBnc]«:  P,  flU«t;  IlL,  thtrd  DAirfl.  The  doitt«d  cin^li  Iti  B  r»p»t«»U 
t}>e  altuattga  of  Lha  |«^^«tital  tjudaaa*  In  B  ths  Xktm  dlTiifoui  of  th9  entfta  ats  IndicAtwi  on  ods 
ttds.  The  pyimmiiUI  fihnA  (r^)  mre  In  tho  mirJdLep  mnd  t^n  nronto  ca»be]Ur  C^^O.)  koA  tenipom' 
otidpltiil  cerebellar  (T. OX.)  At  the  elclw.    r  After  Snhaifer.) 

grey  matter.  Its  tranaverse  fibres  include  those  of  the  superior 
peduncles  of  the  cerebellum  which  decussate  in  the  middle  line  (fig. 
465,  A.,  S.CR),  These  ori^ate  from  the  cells  of  the  dentate  nucleus 
of  the  cerebellum;  after  decussation  they  bifurcate,  the  ascending 
branches  being  lost  in  the  collection  of  nerve*cells  in  the  tegmentum 
known  as  the  tegmental  or  red  nudeus,  while  the  descending  branches 
turn  downwards  in  the  reticular  formation.  The  axons  from  the  cells 
of  the  red  nucleus  run  downwards  and  form  Monakow's  bundle,  or 
the  prepyramidal  tract  which  we  have  already  seen  in  the  spinal  cord. 
Another  important  longitudinal  bundle  in  the  tegmentum  is  the 
fillet.  This,  we  have  seen,  is  the  longitudinal  continuation  of  the 
internal  arcuate  fibres,  which,  starting  from  the  cells  of  the  posterior 
column  nuclei  of  the  opposite  side,  form  the  second  relay  on  the 
sensory  path ;  to  these  fibres  others  are  added  which  originate  from 
other  masses  of  grey  matter  m  bulb  and  pons.  lu  the  mid-brain  the 
fiUet  splits  into  three  bundles,  termed  the  lateralt  the  upper,  and  the 
mesial  JtUet. 

(IJ  Thif  latt'tnf  ^iUt  is  chiefiy  forraed  by  fibres  derived  from  the  a^'cessory  audi- 
tory, the  inferiar  olivury,  and  tmpejtoid  nuclei  cjf  the  opposite  side  Some  of  its 
fibres  terminate  by  synapsei  around  a  new  eolleetion  of  eeUa  (the  hti^raL  jUht 
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Tbe  sMikl  fiUeft  k  the  imporUzil  link  in  tisis  region  beHfoen 
Ibo  mmaarj  ipimal  nmrm  and  Iha  put  of  llie  brain  which  ia  the  lol 
of  likow  pfoccMO  ive  call  iwniiiirioii&.  But  most  of  the  fibres  whieli 
oofitiiiafl  lim  aeDaorf  path  of  the  onemol  fier%-6S  foini  anolber  l&m 
weU-deBmd  tm^{ik$  cmiml  trmd  ^ iJks mmaerjf  enmud  mareaa)  whidi 
liaa  dotaal  to  the  Wet,  bat  termiitatea  tOm  it  in  the  mibihaJamic 
Wffirn  and  optie  thaIaEiiii%  whetioe  a  new  lelaj  carrieB  on  the 
tmpulaea  to  the  oortex 

Yeotr&l  to  tbe  t^menttmi  is  &  kjer  of  grej  matter,  of  which 
the  oelli  are  deeply  pigmented;  b^tice  it  is  called  the  suimianiia 
nigra  (S*H*>  Tbia  reoetTea  many  eoUatemls  from  the  pjimmidal 
btmdlea 

The  white  matter  on  the  reotral  side  of  this  is  known  as  the 
crusia  (Cr)  or  pes.  It  b  here  that  the  pyramidal  bundles  are  situated ; 
these  occupy  ite  middle  three-fif th«  (f^).  Tbe  meaial  fifth  is  occupied 
by  fibres  passing  from  the  frontal  region  of  the  cerebnim  to  the  pons, 
and  thence,  it  Is  believed,  to  the  cerebellum ;  hence  they  are  caUed 
fronto-cerebellar  fibres.  The  fibres  occupying  the  lateral  fifth  are 
usually  spoken  of  as  temp&rQ-ocmpiiai  c^r^ellar  fibres,  but  there  is  no  _ 
oertaiuty  as  yet  regarding  their  origin  or  fanctions. 

The  coTpora  ^^adriff^mina  are  formed  mainly  of  grey  matter; 
from  each  superior  corpus  a  bundle  of  white  fibres  passes  upwards 
and  forwards  to  the  geniculate  bodies,  eventually  joining  the  optic 
tract  of  the  same  sida  The  white  layer  on  the  surface  of  the  grey  I 
matter  of  the  C,  quadrigemina  is  derived  from  the  optic  tract;  thesa^ 
fibres  come  from  the  retina,  and  terminate  by  arborising  around  the 
©ells  of  the  grey  matter  of  the  C.  quadrigemina. 

The  cells  of  the  grey  matter  of  the  corpora  quadrigemina  differ 
greatly  in  form  and  size;  the  destination  of  their  axons  is  not  pre- 
cisely known,  but  some  pass  ventral warda,  croas  at  the  raphe,  and 
constitute  the  f&uMain  decussation  of  Meynert ;  after  decussation 
they  form  the  main  mass  of  the  mntral  lonfjitudinal  bundle ;  this 
gives  off  collaterals  to  tbe  nuclei  of  the  three  nerves  that  supply  the 
eye  muscles,  and  then  runs  ventre -laterally  to  the  posterior  longi- 
tudinal bundle,  with  which  its  fibres  ultimately  mix  in  the  antero- 
lateral descending  tract  of  the  spinal  cord. 

Seventh  section.— This  is  through  the  crus.     It  is  made  up  of " 
cru&ta  (which  contains  the  motor  fibres),  tegmentum  (which  containa 
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the  sensory  fibres,  especially  the  bundle  called  the  medial  fillet),  and 
the  mibstaniia  nigra,  the  grey  matter  which  separates  them. 

The  destination  of  one  of  the  spinal  cord 
tracts  we  have  not  yet  mentioned ;  this  ia 
the  tract  of  Gowera.  This  is  continued  up 
through  the  ventral  part  of  the  pona  lateral 
to  the  pyramidal  bundles;  when  it  reaches 
the  superior  cerebellar  peduncles  the  main 
part  of  the  tract  takes  a  sharp  backward 
turn  and  entei-s  the  middle  lobe  or  vermis 
of  the  cerebellum  by  the  superior  peduncle 
and  superior  medullary  velum.  Some  of  the 
fibres  of  the  tract  are  continued,  however,  into  the  corpora  quadri- 
gemina,  and  some  to  the  optic  thalamus. 

The  Tracts  of  th©  Bulb,  Pons,  and  Mid  Brain. 

In  the  preceding  description  we  have  had  occasion  to  mention 
the  main  tracts  which  are  seen  in  transverse  section.  It  will  now 
be  couveuient  to  summarise  matters  by  enumerating  them  again  as 
well  as  certain  others  which  are  of  less  importance,  or  concerning 
which  we  know  less.  The  tracts  may  be  divided  into  two  main 
groups,  those  which  are  descending  and  those  which  are  ascending. 

DescendiniT  tracts, — The  principal  descending  tract  is  (a)  the 
fyraviidal  tract  This  has  already  been  sufficiently  descril^d,  so  also 
have  ip)  the  posterior  and  (c)  the  ventral  longitudinal  bundles.  The 
remaining  tracts  are:^- 

(fij  Monahm^s  butuih.—Th^se  fibres  start  from  the  celis  of  the  red  nudeus* 
cro!is  tnc  raphe  in  Foret^s  fountAin  decussation  ;  the^  eventually  pass  into  tlie  lateral 
eoluran  of  the  cord  as  the  prepyramiclal  traA-t. 

(*»)  Thf  ponUi-jfpinai  bfttrnl  tract  starts  from  the  lai^  t  ells  of  the  formatio 
retJcuLiris,  and  rutis  down  the  lateral  portion  of  this  formabon  through  the  pons  and 
bulbp  In  the  spinal  cord  the  fibres*  mixed  wiUi  many  others  of  different  oriffiti,  lie  in 
tlie  lateral  column  betv^een  the  grey  matter  and  tlie  tracts  of  Gowers  and  Monakow. 
They  pass  like  the  fibres  of  the  posterior  and  ventral  longitudinal  bundles  into  the 
grey  matter  of  the  anterior  cornii. 

(/)  Thr  rt^fihHifj^pirntl  tntcf  filtr&i  are  similar  in  origin  to  those  of  the  posterior 
longitudinal  bundle  ;  its  fibres  he  mixed  with  those  of  the  two  last-mentioned  tracts, 
and  their  destination  is  the  grey  matter  of  the  anterior  horn. 

0/)  Th^  ct'ntttil  fract  o/ihf  it^ifm^nfnm:  this  is  a  distjoft  bundle  which  lies  in  the 
middle  of  the  reticular  formation,  but  its  origin  and  destination  are  both  unknown. 

{h)  Other  longitudinal  fibres  of  the  tegmenium  are  (1)  the/fWc*aj!/*«  relroflt^tua, 
which  passes  obhquely  from  the  ganglion  of  the  habenula  (a  collection  of  cells 
near  the  middle  of  the  optic  thalamus]  to  the  interpeduncular  ganglion  of  the  opposite 
side  (a  collection  of  ceUs  just  where  the  peduncles  diverge  from  the  transvirsc  fibres 
of  the  pon?] ;  {2}  Voh  OmhUns  htin<ilf\  which  funs  from  the  corpora  mammiLkria 
to  end  iJi  the  tegmentum  i  these  fibres  decuKsate,  and  their  intercrossing  together 
with  that  of  Monakow's  bundle  constitutes  the  fountain  decussation  of  ForeK 

Ascendlnif  Tracta. — The  most  important  of  these  are — (a)  the 
tract  of  thf5  Jilkt,  and  (6),  the  central  irmt  of  the  cranial  &ms&ry  nerves. 
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We  must  also  remember  the  fibres  that  cotmect  th©  cord  to  tk 
cerebellum  ( (c)  d&rsai  and  (d)  vmirai  cerehdiur  iratstsX  and  {§}  tb 
fibres  that  pass  into  the  rut^mrm  body  (inferior  cerebellar  peduotk) 
from  the  olivary  body. 

The  wup^rior  ttr^lUit  jmluncUn  ongioate  from  the  denl^te  on*  Jens  of  tbe 
cerL-beiUiitj  i  we  have  already  seen  theni  conveigin^  to  the  middle  line  as  ther  mis 
upwards,  and  decussating  in  the  niid-bmiti  at  the  IcTd  of  the  posterior  C  omM- 
gcmirm ;  thry  terminate  m  the  red  niicleqs  of  the  tegmcatum  and  io  the  ootk 
thakmus.  Before  they  cross  they  give  off  brnfiche*  which  C«jal  describes  am  Ibrm^ 
ing  a  dnxmmUmj  rrr^Ulkir  bundh,  which  gives  oft  t-oUaterals  to  the  motar  nu^W 
Of  cranial  and  spinal  nerves,  ^^^ 

Origins  and  Fimotions  of  the  Oranlal  Nerves. 

Having  now  studied  the  internal  conetTuction  of  these  parts,  we 
can  take  up  more  fully  the  originB  and  fniiGtions  of  the  cranial  n%nm 
which  originate  there.  The  olfactory  nerve  m  connected  to  tba 
cerebrum,  and  wiU  be  considered  with  the  senae  of  smell  The 
optic  nerve  will  be  etudied  with  vision,  though  it  is,  as  we  have  eeec 
immediately  connected  with  the  mid-brain. 

The  third,  fourth,  and  sixth  nerves  are  wholly  motor,  and  supplj 
the  muscles  of  the  eye*  Gaskell  discovered  among  the  rootlets  of 
the  third  and  fourth  ner\^6s  the  vestiges  of  a  degenerated  and  function- 
less  ganghon,  which  indicates  the  previous  existence  of  a  senaory  por- 
tion of  these  nerves. 

The  third  nerve  {ttwIot  oculi)  arises  in  a  group  of  nerve-celJs  in 
the  grey  matter  on  the  side  of  the  Sylvian  aqueduct  underneath  the 
superior  corpus  quadrigeminum,  and  close  to  the  middle  line.  The 
anterior  part  of  this  nucleus  is  composed  of  small  cells  from  which 
small  nerve-fibres  originate  for  the  ciliary  muscle  and  sphincter  of 
the  iris  (intrinsic  muscles  of  the  eyeball).  These  fibres  correspond 
to  the  visceral  fibres  of  a  spinal  nerve,  and,  Uke  them,  have  a  cell 
station^  namely,  in  the  ciliary  ganglion.  The  posterior  part  of  the 
nucleus  is  composed  of  larger  cells,  and  these  give  rise  to  larger  fibres 
which  supply  the  following  extrinsic  eye-muscles; — superior  rectus, 
inferior  rectus,  internal  rectus,  inferior  oblique  and  levator  palpebrse. 

The  fourth  nerve  (trochlear)  takes  origin  from  the  grey  matter 
immediately  below  the  centre  of  the  tliird,  but  slightly  more  lateral 
in  position.  It  is  underneath  the  inferior  corpus  quadrigeminum. 
It  supplies  the  superior  oblique  muscle  of  the  opposite  eyet^U, 

The  Blath  nerve  (abducefis)  arises  from  a  centre  beneath  the 
eminentia  teres  in  the  upper  part  of  the  floor  of  the  fourth  ventricle 
near  the  middle  line.     It  supplies  the  external  rectus. 

It  is  obviously  necessary  that  the  eye-muscles  should  work 
together  harmonioualyj  that  the  two  eyeballs  should  also  be  moved 
simultaneously  and  in  corresponding  directions,  and  that  such  move- 
ments should  take  place  tn  accordance  with  the  necessities  of  vision. 
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This  is  proWded  for  in  the  shape  of  association  fibres  which  link  the 
centres  of  the  eje-muscles  together.  The  principal  association  tracts 
are  the  posterior  longitudinal  bundle,  which  connects  the  nuclei  of 
the  third  and  sixth  nerves,  and  the  ventral  longitudinal  bundle 
which  unites  the  optic  nerves  through  the  intermediation  of  the  cells 
of  the  C.  quadrigemina^  with  the  nuclei  of  all  these  nen^es.  It  should 
also  be  remembered  that  all  the  fibres  of  the  fourth,  and  some  of 
those  of  the  third  nerve  decussate,  in  the  middle  line. 

The  flftli  nerve  {trig§minai)  is  a  mixed  nerve ;  it  leaves  the  side  of 
the  pons  in  a  smaller  motor,  and  a  larger  sensory  di\^sion.  The 
former  supplies  the  muscles  of  mastication,  the  tensors  of  the  palate 
and  tympanum,  the  mylo-hyoid,  and  the  anterior  beUy  of  the 
digastric;  the  sensory  division  has  upon  it  a  ganglion  called  the 
Gasserian  ganglion;  it  is  the  great  sensory  nerve  of  the  face  and 
head.  The  motor  fibres  arise  from  the  motor  nucleus  (Vm,  fig.  459), 
which  lies  at  the  lateral  edge  of  the  upper  part  of  the  floor  of  the 
fourth  %^entricle,  but  a  certain  number  of  its  fibres  ariBe  from  cells 
in  the  lower  part  of  the  mid-brain  and  upper  part  of  the  pons; 
this  long  stretch  of  nerve-ceUs,  indicated  by  the  long  blue  tail  in  the 
diagram,  is  called  the  aamsory  or  mp^rior  motor  nucleus  of  the  fifth. 
The  sensory  fibres  arise  from  the  cells  of  the  Gasserian  ganglion, 
which  resemble  in  structure  those  of  a  spinal  ganglion ;  one  branch 
of  each  passes  to  the  periphery  in  the  skin  of  the  head  and  face,  and 
the  other  grows  centmlwards ;  on  reaching  the  pons  these  bifurcate, 
the  ascending  branches  arborise  around  the  principal  smisory  ^nick^is 
of  the  fifth  (Vd,  fig,  459),  which  lies  just  lateral  to  the  motor  nucleus, 
while  the  descending  branchcB  pass  dow^n  into  the  bulb,  where  tlicy 
form  the  descending  root  of  the  fifth,  and  some  reach  as  far  down 
in  the  spinal  cord  as  the  second  cervical  nerve.  Mingled  with  these 
descending  fibres  are  numerous  nerve-cells,  many  of  which  are  grouped 
in  clusters  (islands  of  Calleja),  and  the  descending  fibres  form  synapses 
around  them*  The  new  axons  arising  from  the  cells  of  the  sensory 
nuclei  pass  upwards  in  three  principal  tracts : — (1)  The  greater 
numter  cross  the  raphe  and  join  the  mesial  fillet ;  (2)  some  ascend 
the  fillet  of  the  same  side ;  and  (3)  others  pass  into  a  special  ascending 
bundle  which  lies  near  the  ventricular  floor  (the  central  tract  of  the 
cranial  sensory  nerves). 

The  seventh  nerve  (facial)  is  the  great  motor  nen^e  of  the  face 
muscles.  It  also  supplies  the  platysma,  the  stapedius,  stylo-hyoid. 
and  posterior  beUy  of  the  digastric.  When  it  is  paralysed,  the 
muscles  of  the  face  being  all  powerless,  the  countenance  acquires  on 
the  paralysed  side  a  characteristic,  vacant  look,  from  the  absence  of  all 
expression :  the  angle  of  the  mouth  is  lower,  and  the  paralysed  half 
of  the  mouth  looks  longer  than  that  on  the  other  side ;  the  eye  has 
an  unmeaning  stare,  owing  to  the  paralysis  of  the  orbicularis  palpe- 
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Tto  piriphenl  bmoohee  of  the  genieiilate  gs^Boii  eeDs  pmm  is 
km  laporfiGki  petrosal  and  chorda  tjmpatii,  thagnteloij  fihns  of 
whTf:h  thay  profiahly  fumiah.  The  secretoiy  Smm  of  Ibe  cbonk 
tyffi|jt^fii  Jiro  fifrerent  fibres  wbkb  reach  it  from  the  Eacial  nudeys 
plfi  t  tjo  \mrn  irit«nnedia. 

Tht»  ollfhth  nerve  (auditory)  tuub  into  the  binder  tEtargui  of  tfas 

ffunn  by  two  rooti.     One  wiuds  round  the  reatifonii  bod^  doiBy  lo 
t,  und  Ia  kruiwn  as  the  dorMoi  or  codU«ir  divimon;  the  otiier  paaaet 
vnritni-rueMially  on  the  other  iide  of  tberestiform  bodj.aad  ia  kooi 
riN  tlia  vmfrai  or  veitihtUar  diviBion, 

Wo  will  take  thme  two  parts  separately.      The   fibree   of 
(KKihhar  nerve  take  origin  from  the  hi  polar  nerve-eella  of  the  spiral 

ICfinKllfiiL  oF  the  cooblea;  the  peripheral  axons  ramify  among  the 
ialr  oelln  at  the  organ  of  Corti,  and  the  central  axons  pass  towards 
h\m  [lorm ;  un  ffmy  lUitnr  thoy  bifurcate,  and  some  pass  to  and  arborise 
aroiunl  a  no!  loci  ion  of  norvo -cells  situated  between  the  two  roots  and 
the  nmtiff^rnj  ttody,  called  the  acamrry  auditory  nudmiM;  the  remain- 
Ifi^jf  Whvm  termlnati^  Miinilarly  in  a  collection  of  cells  in  the  grey  matter 
ovnrlyin^  th<i  niRtifonn  body,  and  extending  into  the  ventriciilar 
fltHii'  ill  \ln  wirlrmt  parL  Thi»  id  called  the  ganglion  of  the  root,  and 
tho  niiinw  of  ^roy  niatliflr  is  termed  the  acoustic  itAerde.  The  auditory 
iMith  in  mmUmwal  hy  now  axona  that  arise  from  these  cells.  Those 
froju  Llio  ruH'.im«ury  nuclouB  enter  the  trapezium,  and  pass  in  it  partly 
to  tfMf  Miii»orior  olive  and  trapezoid  nucleus  of  the  same  side,  but 
mainly  to  the  oarrosponding  nticlei  of  the  opposite  side;  some  fibres 
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end  bene,  others  traverse  the  nuclei,  aad  merely  gtve  off  collaterals  to 
them ;  thej  then  turn  upwards  in  the  lateral  fillet,  and  so  reach  the 
inferior  C.  quadrigemma.  The  fibres  which  arise  in  the  acoustic 
tubercle  pass  superficially  over  the  floor  of  the  ventricle,  forming  the 
strict  cLcoustiea*;  having  crossed  the  raphe,  they  join  the  fibres  from  the 
accessory  nucleus  in  their  course  to  the  superior  olive  and  fillet* 
Here  again,  however,  a  few  fibres  pass  to  the  fillet  of  the  same  sida 
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Fin.  4«T.—CochlB4T  root  of  thft  atidltonr  Btm.    r,  nrtlfonn  tndy;    V,  deaceitdliig  root  of  U19  ilftli 
Eiorvfl;  tub.  ne.y  AcojsAtif.  tutierck  ;  %.  afiet,|U)OMtOff  i^udAtu;  «.a.,  inporlof  o)1t«:  n.tr.t  tnpafCiid 


The  vefltibular  nerve  arises  from  the  bipolar  cells  of  the  ganglion 
0/  Scarpa  in  the  internal  ear.  The  peripheral  axons  ramify  among 
the  hair  cells  of  the  epithelium  in  the  utricle,  saccule,  and  semi- 
circular canals.  The  central  axons  enter  a  collection  of  small  nerve- 
cells  between  the  restiform  body  and  the  descending  root  of  the  fifth ; 
this  13  termed  the  prinnpal  miclms;  here  they  bifurcate;  the 
descending  branches  run  towards  the  lower  part  of  the  bulb,  and 
arborise  around  the  cells  of  the  neighbouring  grey  matter  (descending 
vestibular  nucleus).  The  ascending  branches  pass  upwards  in  the 
restiform  body  to  the  cerebellum,  in  their  course  giving  off  many 
collaterals  which  form  synapses  with  the  large  cells  of  two  nuclei 
nm,T  the  outer  angle  of  the  ventricular  floor,  and  known  as 
the  nucleus  of  Deilers  and  nucleus  of  Bechterew  respectively*  The 
fibres  which  arise  from  Deiters*  nucleus  pass  into  the  posterior 
longitudinal  bundles  of  both  sides  (see  p.  648) ;  those  which  start 
in  Bechterm^'s  nudmrn  become  longitudinal,  but  their  destination  ia 
uncertain. 
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The  accompanjdng  diagrams  (figs.  467  and  468)  will  serve  to  render 
thea©  complex  relationships  clearer. 
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Fiq.  ie6«— Vflstibolu  root  of  %tM  uidJbozy  oervfl;  f,  restlfonn  botlr;  T,  duftDflndlng  root  of  tbfl  D(bh 
ii*iTO  \  d,  fibrw  of  dMcendinje  TMtibulw  root :  n.  4.,c9n  of  dpscpodlag  TWtibulftf  nucleus ;  D,  nuclftoa 
of  Dolten  ;  B,  niidem  of  Bocbteraw:  n.  t.,  n^idemi  tec^  of  cflnbelluni :  p,  L  b,^  pontertor  toDj^tadln^ 
bundle.    (8ch^kfArO 

The  ninth  nerve  {glomo-phwryngmV)  givea  filaments  through  ite 
tympanic  branch  (Jacobsen's  nerve)  to  the  fenestra  ovalia  and 
fenestra  rotunda,  and  the  Eustachian  tube,  parts  of  the  middle  ear ; 
also,  to  the  carotid  plexus,  and  through  the  great  superficial  petrosal 
nerve,  to  the  spheno-palatiue  (Meckers)  ganglion.  The  small 
superficial  petrosal  (Jacobsen's  nerve)  passes  to  the  otic  ganglioUi 
and  thus  controls  the  parotid  secretion.  The  carotid  plexus  may 
also  connect  the  nerve  with  the  spheno-palatine  ganglion.  Connections 
are  also  made  with  the  sympathetic  plexus  on  the  great  meningeal 
artery  by  the  external  superficial  petrosal  This  is  important,  as 
another  possible  connecting  link  between  the  glosso-pharyngeal  and 
the  otic  ganglion  is  thus  pro\dded*  After  communicating,  either 
within  or  without  the  cranium,  with  the  vagus,  it  leaves  the  cranium, 
divides  into  the  two  principal  divisions  indicated  by  its  name,  and 
supplied  the  mucous  membrane  of  the  posterior  and  lateral  walls  of 
the  upper  part  of  the  pharynjc,  the  Eustachian  tube,  the  arches  of 
the  palate,  the  tonsils  and  their  mucous  membrane,  and  the  tongue 
as  far  forwards  as  the  foramen  ceecum  in  the  middle  line,  and  to  near 
the  tip  at  the  sides  and  inferior  part. 

It  contains  motor  fibres  to  the  stylo-pharyngeus^  middle  con- 
strictor of  pharynx,  and  crico- thyroid  muscles,  and  probably  to  the 
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levator  palati  and  other  muacles  of  the  palate,  except  the  tensor, 
which  ia  supplied  by  the  fifth  nerve,  and  the  other  oonstrictore  of 
the  pharynx,  which  are  supplied  fi'om  the  nucleus  ambiguus  hj  cranial 
rootlets  of  both  ninth  and  tenth  nerves.  The  nerve  also  contains 
fibres  concerned  in  common  sensation,  and  the  sense  of  taste,  and 
secretory  fibres  for  the  parotid  gland. 

The  cells  from  which  the  motor  fibres  originate  are  situated  in  a 
special  nucleus,  which  is  a  contiutmtion  upwards  of  the  ntLclma 
ambiguus  (the  chief  motor  nucleus  of  the  tenth  or  vagus  nerve).  The 
sensory  fibres  arise  in  the  jugidar  and  petrosal  ganglia  from  cells  of 
the  spinal  ganglion  type.  When  the  central  axons  reach  the  bulb 
they  bifiu'cate  as  usual;  the  descending  branches  pass  down  the 
funiculus  soliiarim  and  terminate  in  synapses  around  the  ceUs 
scattered  among  its  fibres.  The  ascending  branches  pass  almost 
horizontally  to  arborise  around  the  cells  of  the  principal  nudtus 
(IX  in  fig,  459).  The  arrangement,  in  fact,  is  very  like  that  of  the 
tenth  nerve  now  to  be  described. 

The  tenth  nerve  {vagm  or  pmuma-gmtric)  has  so  many  and 
important  functions  that  I  shall  not  attempt  to  describe  them  here ; 
it  would  mean  rewriting  a  great  deal  of  what  we  have  already  learnt 
in  connection  with  heart,  respiration,  digestion,  etc.  It  is  sufficient 
to  say  that  it  contains  both  efferent  and  afferent  fibres.  The  efferent 
fibres  arise  partly  from  the  upper  part  of  the  combined  nucleus,  which 
lower  down  gives  origin  to  the  spinal  accessory  nerv^e  (fig,  459,  X) 
but  mainly  from  the  nucleus  ambiguus,  the  position  of  which  is 
shown  in  fig.  459,  coloured  blue,  and  also  in  transverse  section  in  fig, 
463,  The  afferent  fibres  originate  from  the  cells  of  the  ganglion  of 
the  trunk  and  of  the  root ;  they  enter  the  bulb  and  bifurcate ;  the 
ascending  branches  are  short  and  arborise  aroxmd  the  cells  of  the 
principal  nucleus  (X  in  fig.  459) ;  the  descending  fibres,  together  with 
similar  ones  derived  from  the  glosso-pharyngeal  nerve,  and  pars 
intermedia,  pass  down  in  the  descending  root  of  vagus  and  glosso- 
pharyngeal, which  is  also  known  as  the  funiculus  solttarim.  These 
fibres  terminate  by  arborising  around  the  cells  of  the  grey  matter 
that  lies  along  its  mesial  border  (desixnding  nucleus  of  vagus  and 
ghsso-pharyngml).  This  approaches  the  middle  line  as  it  descends, 
and  finally  joins  that  of  the  opposite  side  over  the  central  canal 
{commissural  tiucleiis). 

The  eleirentli  nerve  {^inal  accessory)  is  wholly  efferent :  it  arises 
by  two  distinct  origins — one  from  a  centre  in  the  floor  of  the  fourth 
ventricle,  and  connected  with  the  glosso-pharyngeal^vagus-nucleus ; 
the  other,  from  the  outer  side  of  the  anterior  cornu  of  the  spinal  cord 
as  low  down  as  the  fourth  cervical  nerve.  The  fibres  from  the  two 
origins  come  together  at  the  jugular  foramen,  but  separate  again  into 
two  branches,  outer  and   inner.      The  outer,  consisting  of    large 
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medullated  fibrea  from  fche  spinal  origin,  supplies  the  trapezius  and 
Bterno-mastoid  muscles.  The  inner  branch,  consisting  of  small 
medullated  fibres  from  the  medulla,  supplies  chiefly  viscero-motor 
filaments  to  the  vagus*  The  muscles  of  the  larynx,  all  of  which  ara 
supplied  by  branches  of  the  vagus,  derive  their  motor  nerves  from  the 
accessory ;  and  (which  is  a  very  significant  fact)  Vrolik  states  that  in 
the  chimpanzee  the  internal  branch  of  the  accessory  does  not  join  the 
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F^o*  4S&.— Th«  timth  And  twAUtb  Qflrv^a.    p^^  p^f%m,\A ;  tL,XI/.,  nudlaus  df  hypofloeHl ;  XU.^  f\\a^  of 
b)^p[>glota&l ;   d.n.X.Xl.i   comblDed   nacleui   of  Tftgiii   And   spln&l   ftctittADry;   ti.amih,,  naclflii« 
ftmbtgttus: /.f^,  r«3clcutm  BDUtarluii,  d^oeadlng  flhrM  af  vug^A  nod  glo9so>pb&iyng«il ;  /.i^n.,  lU 
A'.,  tnotof  fSbfO  of  vaguB ;  v,  gftcigllon  cell  U)  vagui  trunk  gjviog  rfio  to  a  setil 


UQClftUJl  ,         . 

d.r.,  dMCflDdlng  root  of  ttad  fifth  iiervel  t\  recti  form  body.    <Scbiif«r!) 


,  setiBciir^  fibm^ 


vftgUB  at  all,  but  goes  direct  to  the  larynx.  The  crico-thyroid,  how- 
ever, receives  fibres  which  leave  the  bulb  by  glosso-pharyngeal 
rootlets. 

The  t'welfth  nerve  (hypoglossal)  is  also  entirely  efferent  It  arises 
from  a  large  celled  and  long  nucleus  in  the  bulb,  close  to  the  middle 
line,  inside  the  combined  nucleus  of  the  ninth,  tenth,  and  eleventh 
nerves.  It  receives  numerous  coUaterala  from  adjacent  sensory 
tracts,  and  from  the  descending  nuclei  of  the  fifth,  ninths  and  tenth 
nerves,  and  from  the  posterior  longitudinal  bundle.  Fibres  from  this 
nucleus  run  from  the  ventral  surface  through  the  reticular  formation 
in  a  series  of  bundles,  and  emerge  from  a  groove  tetween  the  anterior 
pyramid  and  oh  vary  body.  It  is  the  motor  nerve  to  the  muscles  of 
the  tongue  (stylo-glossus^  hyo-glossus,  genio-hyo-glossus,  and  lingu- 
ales)*  The  branches  of  this  nerve  to  the  genio-hyoidj  thyro-hyoid, 
sterno-thyroid,  sterno*hyoid,  and  omo-hyoid  are  branches  of  the  first, 
second,  and  third  cervical  nerves  carried  down  in  its  sheath  and 
slipped  off  at  various  points  as  descendeus  (hypoglossi)  cervicis. 
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The  cerebellam  is  composed  of  aa  eloagated  central  portion  or^lobep 
called  the  vermis  or  vermiform  process,  and  two  hemispheres.  Each 
hemisphere  is  connected  with  its  felloWj  by  means  of  the  vermiform 
process. 

The  cerebellam  is  composed  of  white  and  grey  matter,  the  latter 


\ 


of  foQith  vttntHclfl,  etidtDg  below  lit  tbAfolamtu  wHpCoHiu,  with.  th«  longmidtDAl  omlimticei  formed 
hf  tbe/tuneuli  ttrttn,  oait  ua  neb  aide;  %  tbfl  tume  groovy,  at  thA  plMOt  wlum  thA  whitA  gtnaks 
or  tba  KudJlorx  a«irra  ninei^  f^m  tt  to  ctoaa  tb«  ^oor  of  tbft  vratrtc^lA ;  3,  Inferior  [wlancle  of  tb* 
CTrabBlliiiD,  fbrm«d  by  tht  ro»tlfonii  body;  4^  funlcDluji  gracilis;  above  thli  ta  tbe  cilamtia  icd|>' 
^irluj ;  1^1  ■upflrlnr  peaondA  of  c«nbekllaffi ;  6^  a^  ftlUt  to  tbA  ti'lB  of  the  crutm  c«rebr1 ;  7,  7*  lAteml 
Kioofii*  of  t^e  cnira  cafebii ;  8,  corpora  qtiadrlgetiildi..  (From  8ftppey  aRflr  Ilinicbfebl  and 
LaraUli.) 

1>eLQg  external,  like  that  of  the  cerebrum,  and  like  it,  infolded,  so 

that  a  larger  area  may  be  contained  in  a  given  spaca  The  convoln- 
tions  of  the  grey  matter,  however,  are  arranged  after  a  different 
pattern,  as  shown  in  fig  470,     The  tree-liko  arrangement  of  the  white 
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malti^r  has  given  rise  to  the  name  arbor    mim,     Besidee  the  m 

substance  on  the  surface,  there  are,  in  the  centre  of  the  white  fit- 
stance  of  each  hemisphere,  sinall  masses  of  grej  inatter,  thekrgess' 
which,  called  the  mrpus  d^ntatum  (fig,  471,  cd),  rdsemblas  verj  cbdj 
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Fio,  471.— OttUitie  AkeU^h  of  t  mcOaxi  of  tli4  oaps^eUum,  ilLowlog  t}i«  corpus  daa^tOLm  Th*  ^» 
hu  b«ei]  LjirTt«Hl  thruq^b  Uin  l«ft  Imtefsl  rart  of  tha  poiu,  so  sa  to  divide  thm  «iip«itv  iwlQa^i 
|«iui  iMwriy  yin>UKlJ  thn  rriMrU*  of  Ibe  iMl  o«T«bdljy-  bemiaplieno.  The  cjUraTy^dT  StiSi»^ 
rJtvliiei]  lunj^Hufllciilly  ta  on  to  ejcpou  Iti  nftddoa  Ito  etir^p'W^  r/.n/itJum.  cr,  r.ms  a^mrehti '  I  fiStt;  i 
corpora  ntuairiiesiDliiii ;  ^t  ■uperlar  p«fluttd«  of  tbe  o«i«b«lliim  (iiir|Tl«r]  ;  mo  tnitldla  nailBadt 4 
Iftterftl  lArbof  tbspofw  VutilUp  with  ilbroa  p^^lni^  ftota  It  Into  tlio  whjt»  stem  *  irr  TTiHtitiiir'** 
of  thv  whlt«  itam  twliatlltf  toWAi^lm  tliis  arbu;  vltif^  of  tbA  folin  ;  cd,  ot^TpxiM  dvatMT^m'  «  ^nn 
boly  with  Jtt  oorpoj  dflDtntum ;  p,  py  ram  lei.    (Allan  Thonj«mO     i.  »    *         i 

the  corpus  dentatum  of  the  olivary  bodj  of  the  medulla  oblongata  ifl 
appearance* 

If  a  section  m  taken  tliroiigh  the  cortical  portion  of  the  cei* 
bdllum,  the  following  diatinct  layers  can  be  seen  {(\g^  472)  by  micro 
soDpic  examination. 

Underneath  the  pia  mater  is  the  emtemal  lay^r  of  grey  matter;  i 
ia  formed  chiefly  of  fine  nerve-fibres  with  small  nerve-cells  acattei^ 
through  it.  Into  its  outer  part,  processes  of  pia  mater  pass  verti- 
cally;  these  convey  blood-vessels.  There  are  also  hero  numeroiil 
long  tapering  neuroglia-cella.  The  internal  or  granular  layer  of  grej 
matter  ia  made  up  of  a  largo  nnmbar  of  small  nerve-oella  mixed  wxlJ 
a  few  larger  onea,  and  some  neiiroglia-cells.  Between  the  two  lajatl 
ia  an  incomplete  stratum  of  large  flask-shaped  cells,  called  the  ceiis  ^ 
Purkinje.  Each  of  these  gives  off  from  its  base  a  fine  proceed  which 
becomes  the  axis-cylinder  of  one  of  the  medullated  fibres  of  the  whitfl 
matter;  the  neck  of  the  tlaak  passing  in  the  opposite  direction  breakai 
up  into  dendrites  wliich  pass  into  the  external  layer  of  grey  matter. 
By  Golgi's  method  (fig,  473)  these  dendrona  have  been  ahowTi  %a 
spread  out  in  planes  transverse  to  the  direction  of  the  lamelte  of  tha 
organ, 

Ea^h  cell  of  Purkinje  is  further  invested  by  arborisations  of  ^4 
sets  of  nerve-fibres.  One  of  these  (originating  from  the  fibres  of  the 
white  matter  which  are  not  continuous  as  axis-cylinders  from  tha 
cells  of  Purkinje)  forma  a  basket-work  round  the  dendrona ;  the  other 
(originating  as  axis^oylinder  processes  from  the  nerve-cella  of  the 
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poBS6BBmg  bunches  of  short  branchas  at  intervalB  (moss-fibree  of 
Cajal). 

The  peduncles  of  the  cerebellum  are  three  hi  nuiriber — superior^  middle,  and 
inferior ;  we  liave  already  bad  (X't-asioti  to  mentioti  theia  in  our  study  of  the  biilb» 
pons,  and  mid-brain.  The  course  of  the  fibres  has  been  studied  by  the  degenera- 
tion ruethdd*  The  supurior  peduncle  consists  miiinly  of  fibres  which  originate  In 
the  corpus  dentatura  ?  some  fibres  are  said  to  arise  in  the  cerebellar  hemisphere, 
and  to  pass  through  the  eorpus  dentaturn  without  coramunicatinf?  with  its  cells. 
These  fibres  cross  the  raphe  m  the  mSd^brain,  and  terminate  in  the  red  or  teffnietita] 
nucleus*  The  direction  of  the  impulses  in  these  fibres  ts  from  cerebdlum  to 
cerebrum*  the  red  nucleus  being  a  rell  station  on  the  road.  There  appear,  however, 
to  be  some  fibres  starting  from  the  optic  thalamus  which  convey  impulses  in  the 
opposite  direcUon.     Id  addition  to  these  there  is  Cajal's  d^cmdin^  ctr^b^iitir  bundle 
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Fia.  iTS.— 8ectloa  ortcAretiellAr  cortex,  ataloftd  by  OoM'ft  iaetho<]  l  L  t&koa  acfa»  the  IjuBiii*;  U,  In 
the  dtrecfelQD  of  the  UqiLdji;  a,  outer  or  mol«ciiiAr  Hymr;  b,  UtnAt  or  gtanular  lajsr^  a^  wblt* 
m^ttsr.  ft,  Og  II  of  Purktt^Q ;  b,  etuftli  d«1U  of  Inner  liyer ;  e,  tleudrons  or  thene  calli ;  d,  axIi- 
cytliidirr  prooeu  of  one  of  these  calli  1»(?omlD^  loDgltudtDAL  Id  the  oaterlAyer  \  f,  btf^ireAtkiti  of  OAi 
of  the»;  0,  a  elmiUr  cell  lying  In  th>e  wtilte  tnutter.    (RamoQ  y  C^Al.) 

This  consists  of  branches  which  are  given  off  by  the  fibres  before  they  cross  at  the 
raphe ;  they  pass  towards  the  bulb,  giving  off  coHateraLs  to  the  motor  nucleus  of  the 
fifth  nerve,  to  the  facial  nueleusi  to  the  nucleus  ambipius,  and  others.  One  must 
not  forget  that  besides  all  these  fibres  the  tract  of  Gowers  joins  the  superior 
peduncle,  and  runs  back  along  its  mesial  border  to  the  vermis. 

The  /Ht(/f//ri)ed  uncle  consists  of  fibres  winch  form  the  anterior  transverse  fibres 
of  the  pon?».  Tney  pass  fr*jm  the  nuclei  pontis  to  the  opposite  cerebellar  hemi 
sphere*  Others  convey  impulses  in  the  opposite  direction  from  the  henusphere  to 
the  pons ;  on  Section,  these  fibres  dr generate  as  far  as  the  raphe^  where  they  rntei^ 
mingle  with  those  from  the  opposite  side. 

The  tii/rrifjr  peduncle  or  restiform  body  is  composed  of  ascending  fibres,  which 
pass  into  ft  from  the  direct  cerebellar  tract,  from  both  olivary  nutiei,  but  mainly 
rrom  that  of  the  opposite  side,  from  the  nucleus  gracilis  and  nucleus  cuncatus,  and 
frtmi  the  nuclei  of  tl^e  sensory  roots  of  the  crauiaT  nerves.  The  fibres  pass  mostly 
to  the  vermis,  crossing  to  the  opposite  side  over  the  fourth  ventricle,  but  giving  on 
strong  collaterals  to  the  cerebellar  hemisphere  of  the  same  side  ;  these  account  for 
the  fact  that  each  cerebellar  hemisphere  is  in  principal  physiological  connection  with 
the  same  side  of  the  spinal  cord. 
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plicated  shape  called  the  laterai  vmirich ;  the  lateral  veotricleB  open 
into  the  third  ventricle.    Fig.  475  represents  a  dissected  brain  in  which 
the  corpus  callosura  has   been  removed;   the   ventricles  are   tlius 
exposed- 
Each  hemisphere  is  covered  vrith  grey  matter,  which  pasBes  dovirii 
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Fia^  475« — DlwMclloD  of  bralp^  Oqnm  «bcire,  «xpO«fQg  the  Utenl,  tourth,  iuid  nfth  ventriclcA  with  tht 
nuToandifig  p«rta.  k.—<it  interior  part,  or  genv  of  corpui  caitosuni ;  b,  (XifpitiB  titrJattiiii ;  fr",  tbt 
mrpun  ttdfttuoi  Qf  left  »hle,  cli»9«ct«il  io  n&  to  93rpQ9«  l^  gray  sabiitaDCA ;  e,  poiutia  by  n  IfiiB  to  th« 
tBMi  ittmieLttiiiUriA  :  d,  optic  tbalamiin;  r^  anterior  plUars  of  fonrtx  dfvfdeu^  be)o»  they  are  awn 
duaottndlDB  in  front  of  tba  thirti  veotrlole,  mud  between  tli«m  ia  smti  pmrt  of  tM  anterior  cummlip 
Mure ;  111  ttout  of  tha  iDttcf  t  i9  teen  tlie  nlit-Ukq  fifth  votitriole,  between  thff  two  lamina!  of  tl» 
leptiim  lucldam  ;  /,  soft  ot  midtile  CM^niCnlJiaiira ;  tj  la  plaeed  In  tbe  pr^terinjir  part  of  th«  tkit^i 
vontricle ;  intinacilntely  beklnd  tht  Ijittar  am  the  posterior  cornmiflstiw  (juat  vlMible) and  Hie  pineal 
glami,  tl]«  two  enira  of  wh^eb  e^irtend  forwards  oJong  the  Itiner  iind  Tipper  niar^nR  of  %hn  optlo 
tbKt&inl ;  h  4iEi£l  ij  thft  c/ji7>oni  i|Lia<lnKemlQA;  t,  HUj)«nor  craft  of  c^'mbQllum :  [:Ioa«  W  JI^  Ik  the  vm*% 
of  Vlttimaens,  which  h*^  b*sa  flLvSOfVl^r.  m  t<j  exprme  tht  foofth  venlrida;  £,  hippocamDni  iii«|tir 
nnd  <x»rpa[»  UnibrJatuinr  or  tJj-Eiirt  \-.  m,  hlp|hocAtuT>ti.>4  miliar;  n^  emineiitU  odllatertilis ; 

a»  fourtli  vontrirle;  p^  pHwtoriuj-  tt m  f  1 1 1  a  ubLijii^alA  ;  u  ^w tioo  of  qnfdbcUtttn  ;  t,  tipper  part 

of  Left  hcmijiphdr^  of  rernl^nUmn  ihe  remavAl  uf  part  of  ttie  |joaterior  cenbrali  bjbe, 

CHinchfolJ  and  f^vf^llk,) 

into  the  fissures.  This  surface  grey  matter  is  called  the  cer&hral 
cortex.  The  amount  of  this  grey  matter  varies  directly  with  the 
amount  of  convolution  of  the  surface.  Under  it  white  matter  is 
situated ;  and  at  the  base  there  are  masses  of  grey  matter ;  part  of 
these  hasal  ganglia  are  seen  forming  part  of  the  wall  of  the  ventricles. 
The  anterior  basal  ganglion   is   called   the  corpus  striatum;  it  ia 
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divided  into  two  parta  called  the  lenticidar  or  exirav&niricuiar  nu€htis, 
and  the  cavdate  or  intraventricular  nucleus.  It  has  received  the 
latter  name  because  it  is  seen  in  the  mterior  of  the  ventricle.  Thu 
posterior  basal  ganglion  is  called  the  opti€  thalamus. 

Passing  up  between  the  basal  ganglia  are  the  wMte  fibres  which 
enter  the  cei-ebral  hemisphere  from  the  crus;  these  constitute  the 
inteniai  mpsule.  This  passes  in  front  between  the  two  subdivisions 
of  the  carpus  striatmn,  and  behind  between  the  optic  thalamus  and 
the  lenticidar  nucleus  of  the  corpus  striatum. 

The  relationship  of  these  parts  is  best  seen  io  a  vertical  section ; 
such  as  is  represented  in  the  next  diagram  (fig.  476). 
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Fig.  i70^ — Vwti&fcl  Hflctlon  throtigh  Uie^i!flKibfiiin  and  \Maal  gHttglJA  bo  abow  tba  reJmtkibg  of  the  Utter, 
co.f  oerebml  oonvolullona:  e.c^i  ci>rpuii  dmoHuni ;  vJ.t  lAtoml  vvotiiclDi  /,  fomiit;  vtlL,  tJnM 

e^f  dkiiatjrtjin  i  t.r.j  c^xtettial  impsulit  ^  Tn,  cur|)ud  Diutrnkillarv;  f.o,,  ajuU^  tntet ;  trf.t.,  «triH  tctmiln- 

Oue  hemisphere  is  seen^  with  portions  of  the  other.  The  surface 
darkly  shaded  indicates  the  grey  matter  of  the  cortex ,  wliich  jmsses 
down  into  the  fissures;  one  very  extensive  set  of  convolutions  {co.i.), 
passes  deeply  into  the  substance  of  the  hemisphere;  this  is  called 
the  Island  of  Eeil ;  the  lowest  stratum  of  grey  matter  is  separated 
from  this  to  form  a  narrow  isolated  strip  of  grey  matter  called  the 
claiistrujfi  (cl.).  In  the  middle  hne  the  great  longitudinal  fissure 
is  seen  extending  as  far  as  {ex.)  the  corpus  eaUosum,  the  band  of 
white  matter  that  forms  the  great  commissure  between  the  two 
hemispheres;  beneath  this  are  the  lateral  ventricles  which  com- 
municate ty  th(^  foramen  of  Munro  with  the  third  ventricle:  the 
fornix  is  indicated  by  the  letter  /.  Contrihuting  to  the  tioor  of  the 
lateral  ventricle^  one  next  sees  the  optic  thalamus  (th,),  and  the  tail 
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md  of  the  nuckuB  caudattiB  (nx.) ;  the  sactioa  being  taken  somewhat 
ponteriorly.  The  nucleus  lenticukria  is  marked  nl. ;  and  the  band  of 
white  fibres  passiug  up  between  it  and  the  thalamuB  is  called  the 
intfimal  mps^uk  {c.i.) ;  the  narrow  piece  of  white  matter  between  the 
olauatrum  and  the  lenticular  nucleus  is  caUed  the  external  capsule. 

For  the  etudent  of  medicine  the  internal  capsule  is  one  of  the 
most  important  parts  of  the  brain.  Into  it  are  continued  up  the 
fibres  which  we  have  previously  traced  as  far  as  the  crus  cerebri; 
th«  motor-fibres  of  the  crusta  are  continued  into  the  anterior  two- 
thirds  of  its  posterior  limb  (i.e.  behind  the  genu  *  in  fig,  477);  the 
sensorj  fibres  of  the  tegmentum  into  the  posterior  third  of  this  limb. 
When  these  fibres  get  bejond  the  narrow  pass  between  the  basal 
ganglia,  they  spread  out  in  a  fan-like  manner  and  are  distributed  to 
the  grey  cortex ;  the  motor-fibres  coming  down  from  the  motor  con- 
volutions around  the  fissure  of  Bolando ;  the  sensory  fibres  going  to 
the  same  convolutions  and  also  to  others  behind  these  which  are 
associated  with  special  sensations.  The  name  coroTta  radiaia  is 
applied  to  the  fan-like  spreading  of  the  fibres;  the  fibres  as  they 
pass  through  the  handle  of  the  fan,  or  internal  capsule,  communicate 
with  the  nerve-cells  of  the  grey  matter  of  the  basal  ganglia;  the 
pyramidal  fibres  on  their  way  down  to  the  medulla  and  cord  from 
the  motor  areas  of  the  brain  send  off  collaterals  or  side  branches 
which  arborise  around  the  cells  of  the  corpus  striatum,  and  to  a 
lesser  degree  around  those  of  the  optic  thalamus ;  the  axis-cylinder 
processes  of  these  cells  pass  out  to  join  the  pyramidal  tract  on  its 
downward  couraa  The  sensory  fibres  on  their  way  up  may  pass 
straight  on  to  the  cortex,  but  the  majority,  especially  those  in  the 
fillet,  terminate  by  arborising  round  the  cells  of  the  optic  thalamus, 
and  in  the  sicbihalamie  area.  This,  in  fact,  ia  another  cell-station  or 
position  of  relay :  the  fibres  passing  out  from  the  ceUs  of  the  thalMnus 
continue  the  impulse  on  to  the  cortex. 

The  importance  of  the  internal  capside  is  rendered  evident  when 
one  considers  the  blood  supply  of  these  parte ;  at  the  anterior  and 
posterior  per/orated  spots,  num^TOMB  bbibII  blood-vessels  enter  for  the 
supply  of  the  basal  ganglia,  and  these  are  liable  to  become  diseased, 
and  if  they  rupture,  a  condition  called  apophxy  is  the  result ;  if  the 
haemorrhage  is  excessive,  death  may  occur  almost  immediately ;  but 
if  the  patient  recovers,  a  condition  of  more  or  less  permanent  paralysis 
remains  behind ;  and  a  very  large  amount  of  paralysis  results  from  a 
comparatively  limited  lesion,  Ijecause  so  many  fibres  are  congregated 
together  in  this  narrow  isthmus  of  white  matter.  If  the  hsemorrhage 
is  in  the  anterior  part  of  the  posterior  limb,  motor  paralysis  of  the 
opposite  side  of  the  body  (hemiplegia)  w^ill  be  the  most  marked 
symptom.  If  the  haemorrhage  occurs  in  the  posterior  part,  sensory 
paralysis  of  the  opposite  side  of  the  body  will  be  the  most  marked 
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aymptoiiL  If  the  motor-fibres  are  afifected^  degeneration  will  occur 
m  the  pyramidal  tract,  and  can  be  traced  tbrough  the  pes  of  the  cms 
and  mid-bram  to  the  pyramid  of  the  pons  and  bulb,  and  then  in  the 
crossed  pyramidal  tract  of  the  opposite  side  and  in  the  direct  pyra- 
midal tract  of  the  same  side  of  the  cord. 

Fig,  477  represents  a  horizontal  view  through  the  hemisphere. 
The  internal  capsule  (c)  at  the  point  *  makes  a  bend  called  the  genu 
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Ym,  477.— ^Dlurun  lo  atiow  tbe  ccmneetjoti  of  tha  frcmtiJ  and  OcdplUl  Ijobes  with  the  CenbellmD,  eic. 
TtKi  dlott«q  Uoesi  p«u!ng  Ld  the  cnuU  (T.<rc)|  outelde  Ibe  motor  fibrvi,  IndlcKU  ih%  coonectlon 

pRsa  uitarlorlj  to  tha  motor  tn^t  Id  Uift  cruaift;  i*r,,  Qbrea  from  the  CAOil&tfl  nucleus  to  tho  poD«. 
Fr,  t  front*noPQ< ;  Or«,ooclplliUl  lobs;  a  p.,  ftscnmllDg  frGnUJ;  ap.,  ueencljnt;  p«ri6tal  c^DvolutJcrcM  * 
i*cr.,  pncfiii^ftl  ^Amitn  la  front  of  thu  a«cQDd|[ig  frontal  {^novolutioti ;  ra,,  llHHafe  of  Rolando;  ipf., 
Intrapuifltal  ttuure.  A  section  of  thi*  crui  la  Jettc^red  oi!]  tbe  left  bM«.  «.)(.,  jtubstimtiA  nigra ;  i-v.^ 
pyrazDiilal  motof  llbrBar  wUk':t]  on  Ih^  ii|4ht  are  ghQwu  ks  oontEiiiidg»]lTieB  convarKing  lo  ptua  tbrtingb 
tha  pOAtnrior  limb  of  lc^  intertial  napaulfl  (the  knee  or  elbow  of  which  ia  ahuwo  Uittft  *>  upwftrdft  bii,j3 
the  bemiiphen  Aiid  <lownwap]A  thiouBh  the  i^oeia  t^o  cran  at  the  medalk  tn  tht  pyimmlJiil  decouaa- 
tion,    Ijaf^  erooafld  pyraijiicial  tr&c't;  apt,  lititct  i>jT»midal  tracrt.    CGowerv.) 

or  knee,  behind  which  the  motor-fibres,  and  more  posteriorly  still 
sensory-fibres,  pass.  The  connection  between  cerebrum  and  the 
cerebellum  is  also  indicated;  one  cerebral  hemisphere  is  connected 
with  the  opposite  cerebellar  hemisphere  by  fronto-cerebellar  and 
temporo-occipito-cerebelJar  fibres  which  pass  respectively  in  front 
of  and  behind  the  pyrmnidal  fibres  in  the  internal  capsule. 

« 
Histolo^cal  Structure  of  the  Cerebral  Cortex. 

The  grey  matter  of  the  cortex  is  composed  of  a  number  of  layers 
which  are,  however,  not  well  marked  off  from  one  another*  The 
number  of  these  layers  is  variously  given   by  different  authorities 
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2,  The  layer  ofpyramMs. — ^There  are  several  deep,  and  tlie  largest 
cells  are  situated  most  deeply.  Each  of  these  has  an  apical  procesB 
running  to  the  surface,  where  the  branches  run  tangentially.  The 
lateral  processes  are  also  branched  dendrons.  The  axon  originates 
from  the  Imse,  The  largest  pyramids  (Betz  cells)  are  found  in  the 
so-called  motor  cortex  (Eolandic  area)  and  give  origin  to  the  fibres 
of  the  pyramidal  tract.     The  smaller  pyramids  are  association  units. 

3.  Tki.  lay€T  of  jfjo^^ymoT^Aoiis  f^ells. — There  are  small  scattered 
calls,  many  of  a  fusiform  shape.  lu  the  Island  of  Eeil  this  layer  ia 
hypertrophied,  and  is  separated  from  the  rest  of  the  grey  matter  by 
a  stratum  of  white  fibres ;  it  is  known  then  as  the  daustrum. 

Variations  in  dififerent  regions  of  the  cortex  will  be  found  deserihed 


^ 


^i*>%> 


'/  i 


Fin,  4m— Bum*!!  CBi*bral  conax:  Ootgi^a  m^<ni*    Low  i«wflr    (Mott.) 

in  histological  works,  but  the  pliysiological  meaning  of  these  is  not 
clear  in  many  cases.  The  Golgi  method  has  proved  coospicuously 
useful  in  the  study  of  the  shapes  and  dispositions  of  the  cells  (see 
iigs.  479, 480, 481).  Bundles  of  meduHated  ner%^e-fibtes  pass  in  vertical 
streaks  through  the  deeper  layers  of  the  grey  matter ;  some  of  theae 
are  axis  cylinder  processes  of  the  pyramidal  and  polymorphous  cells, 
and  are  conveying  impulses  downwards ;  others  conveying  impulses 
upwards  pass  &om  the  white  mattex  into  the  cortex  to  arborise  among 
its  various  cells.  In  addition  to  these  fibres,  other  strands  lie  parall^ 
to  the  surface  of  the  cortex,  and  have  received  various  names,  such  as 
the  outer  line  of  Baillarger  in  the  layer  of  medinm-sized  pyramids, 
the  inner  line  of  Baillarger  in  the  layer  of  larg^  pyramids,  and  the 
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line  of  Gennari  in  the  occipital  ragioo.    There  can  be  Uttle  or  no  doubt 
that  these  are  aaaociatioo  tracts  linking  the  convolutions  together. 

The  cells  of  the  cortex  thus  give  rise  to  th©  motor  or  ejfei^nt 
fibres ;  these  pass  into  the  white  matter  of  the  interior  of  the  brain. 
Some  go  either  directly  or  by  collaterals,  (1)  to  the  cortex  of  mors 
or  leas  distant  convolutions.  These  are  called  Assodation  Jtbns.  (2) 
Others  pass  to  the  corpus  eallosum,  and  so  reach  the  cortex  of  the 
opposite  hemisphere.  These  are  called  Commimiral  fibres.  In  each 
case  they  terminate  by  arboriaations  (eynapses)  around  the  cells  of 
the  grey  matter  of  the  cortex ;  while  others  again,  especially  those 
of  the  largest  pyramidal  cells,  extend  downward  through  the  corona 
radiata.and  iute  "nal  capsule,  and  become,  (3)  fibres  of  the  pyranudal 
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tract*  These  are  called  Projection  fibres.  As  they  pass  down  they 
give  off  collaterals  to  the  adjacent  grey  matter,  to  the  opposite 
hemisphere  vid  the  corpus  call o sum,  to  the  corpus  striatum  and  the 
optic  thalamus,  which  terminate  there  by  arborisations;  the  main 
fibres  terminate  in  synapses  round  the  multipolar  cells  of  the  grey 
matter  of  the  opposite  side  of  the  spinal  cord.  These  are  termed  the 
cortico-spinal  fibres;  von  Monakow  has  shown  that  some  of  the 
pyramidal  fibres  terminate  in  the  mid-brain  and  pons  (cortico-pontine 
fibres),  and  a  fresh  relay  of  fibres  thence  continues  the  impulse 
downwards* 

The  cells  of  the  cortex  are,  in  addition  to  all  this,  surrounded  by 
the  arborising  terminations  of  the  sensory  nerve-fibres,  which,  after 
relays  at  various  cell-stations,  ultimately  reach  the  cortex. 
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We  are  now  in  a  positioii  to  complete  diagram  448  (p.  625),  and 
obtain  an  idea  of  the  relations  of  the  principal  cells  and  fibres  of  the 
cerebro-apinal  nervous  eystem  to  one  another 

Pyr*  (fig,  4S2)  is  a  cell  of  the  Rolandlc  area  of  the  cerebral  cortex ;  ax  U  its 
*jt Id-cylinder  proceas  whieli  passes  down  In  the  pyraniidal  tract,  and  ero^^ses  the 
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Fia.  4E3. — Sn^^hAmft  qf  TielJil.Latuib.lp  of  ceik  and  ttbfei  Of  br&to  At^d  cord^    (Ta  tbe  pnparfttton  of  tltta 
dl^paru  I  have  recalved  ooiuidaniblfl  utlitftdcft  Trom  Dr  MqII.) 

middle  line  ab  at  the  pyramidal  decussation.  It  gives  off  collaterals,  one  of  which 
(eaii)  is  shown  parsing  in  the  corpus  cutlf^sum  to  terminate  in  an  arborisation  in  the 
cortex  of  the  opposite  hemisphere ;  another  (sfr)  passes  into  the  corpus  strititum. 
In  tlie  cord  colLitertils  pass  oft  and  end  in  arborisations  aroinid  cells  ot  the  anterior 
horn  of  the  spinal  cord  (see  also  fig.  %AB)i  the  main  fibre  has  a  similar  termination.* 


*  The  intermediate  cell-station  in  the  posterior  horn  between  the  pyramidal  fibre 

and  the  anterior  cornual  ceil  (Schiifer)  is  not  shown  in  the  diagram  (see  also  p.  62&). 
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Tlie  motor  nerve-fibre  pas^ve^  fham  the  anti^Hor  comii&l  t-eU  to  musctiiar  i 
it  tiuis  in  the  terminal  arboris^itlojis  c«Ued  end-plates* 

Coming  now  to  the  sensory  fibres,  a  cell  of  one  of  the  spmal  gAn^ia  i&  i 
its  uxTSr^-y Under  process  bifurcates,  and  one  bmnt-h  passet  to  the  peripliejy,  i 
In  arborisations  in  skin  and  tendon.     The  other  (central)  branch  bifurcates  cph  enti 

the  cord,  and  its  divisions  pass  upwards  and  downwards,  the   latter  for  A  L_ 

dt^tAnce  only  ^  the  terminations  of  this  descending  branch  and  of  cH>llateraJs  of  the 
ftst'cnding  branch  round  the  cells  of  the  spinal  cordare  more  fully  shown  in  tig.  41^ 
The  main  asi'ending  branch  arborises  around  a  cell  of  the  nucteus  fi^rseilij  fy.njor 
nucleus  euneaUis  in  tlie  posterior  columns  of  the  bulb;  the  axis-cy  finder  process  of 
this  cell  passes  over  to  the  other  side  as  an  intermd  art:uate  fibre  (i.  a.),  and  becomef 
longitudinal  as  one  of  the  fibres  of  the  mealal  fillet  (» J,  which  tcr  mi  nates  round  a  cell 
of  the  optic  thalamus  (o.t.),  from  which  a  new  axis^^ylinder  process  passes  to  form 
an  arborisation  around  the  deudrons  of  one  of  the  cerebral  cells  fCnjars  nerrc-miit 
of  association  a.c.n.)  in  the  surface  layer  of  the  cortical  grey  matter  (shown  ana 
kifcr  scale  in  fig*  479  f)^  the  axls-cjhndcr  process  of  a.<..n%  arborises  round  the 
djendrom  of  the  pyramidal  cell  from  which  we  siEirted. 

In  this  way  one  gets  a  complete  physiologic^al  circle  of  ner\re-^unibs ;  the  st 

of  the  circle  are,  however,  anatomically  distinct,  and  the  impulses  tr«v«l 

contiguous,  not  through  continuous,  structures.  The  simple  arrows  indicate  i_ 
dir^^tion  of  Lhe  impulses  in  the  efferent  projection  system  j  the  feathered  arrows  la 
the  afferent  projection  system. 

Next  we  come  to  the  connections  of  the  cerebellum.  One  of  the  cotlaterals  of 
the  sensory  nerve^fibre  arborises  round  a  celt  of  Clarke's  column,  ft-oro  which  a  fibre 
of  the  direct  cerebellar  tract  passes  to  end  in  an  arborisation  around  a  ceil  in  the 
vermis  of  the  cerebellum,  i'  is  one  of  the  cells  of  Purkinje,  the  axis^ylinder  procraB 
q{  which  i%a?t  passes  to  the  cerebro-spinal  axis ;  it  is  depicted  as  passing  down  to 
eavdbp  one  of  the  cells  of  the  anterior  horn  ;  but  this  has  never  been  satisfactorily 
d^ncNistrated ;  so  a  dotted  line  has  been  used  to  indicate  this  uncertainty,  jMost 
of  Its  collaterals  pass  up  to  the  cerebrum  through  intermt-'diate  cell-stations. 

The  origin  and  destination  of  the  tract  of  Gowers  are  not  shown  in  the  diagntm ; 
the  fibres  ofcoraniuni  cation  from  the  cerct>ellar  to  the  opposite  cerebral  hemispheit, 
which  pass  through  the  superior  ceretx^llar  peduncle,  are  also  nmltted.  The 
sympatnetic  system,  with  its  numerous  cell-stations  in  the  sympathetic  ganglia,  we 
haTe  studied  in  connection  with  the  blood-?e3sels  and  viscera  to  which  the  sympa- 
thetic fibres  are  distributed  (see  especially  pp*  209  to  303). 

n.jrt,  is  the  grey  matter  which  is  continuous  from  spinal  cord  to  the  ojrtfc 
thalamus*  and  through  this  certain  afierent  impulses,  such  as  those  of  paJn*  tjavd 
upwards. 

Particular  attention  should  be  paid  to  the  following  point :  wheT 
an  afferent  fibre  enters  the  spinal  cord,  it  divides  into  three  main 
set3  of  brancbea.  The  first  set,  the  shortest,  forms  synapsaa  with 
the  motor  cells  of  the  anterior  horn ;  here  we  have  the  anabomicai 
basis  of  spinal  reflex  action.  The  second  set  passes  through  an 
tntermediate  eel! -station  in  Clarke's  column  to  the  cerebellmn,  the 
emerging  fibres  from  which  also  influence  the  motor  dischargB  of 
the  anterior  horn  ce]l&  The  third  set,  the  long^st^  passes  throtigh 
three  interraediate  cell*stations  (the  first  in  the  nucleus  gracilia  or 
cuneatus,  the  second  in  the  optic  thalamus,  the  third  in  the  aasocm- 
tion  onits  in  the  cortex),  and  ultimatdj  reaches  the  pyramidal  nerv^ 
ceUs  of  the  oerabml  cortege,  the  efferent  fibres  (pTramidal  fibres) 
of  which  pass  to  the  motor  cells  of  the  anterior  carnu  and  influe 
their  discharge  The  motor  nerve-cells  of  the  anterior  horn 
thus  be  influanoed  bj  the  afl^rent  impulses  via   three   paths 
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nervoiLS  circles.  In  health,  all  these  nervoua  circles  are  in  action  to 
produce  co-ordinated  muscular  impubes.  In  locomotor  ataxy,  which 
is  a  degeneration  of  the  cells  of  the  ganglia  on  the  posterior  roots 
and  their  brancheB,  all  these  nen^ous  circles  are  deranged,  and  the 
result  is  loss  of  reflex  action,  and  inco-ordiaation  of  muscular  move- 
ments. 

It  should  be  noted  that  the  pyramidal  cella  in  the  cortex,  though 
the  largest  in  size,  are  the  least  numerous.  Similarly  the  largie 
motor  cells  of  the  cord  are  relatively  few  in  number.  The  innumer- 
able smaller  cella  in  both  situations  are  association  cells  concerned 
in  the  co-ordination  of  impulses. 

The  ConTolutions  of  the  Oerebrum- 

The  snrfaGa  of  the  brain  is  marked  by  a  great  number  of  depres- 
sions which  are  called  fissures  or  suici^  and  it  is  this  folding  of  the 
surface  that  enables  a  very  large  amount  of  the  precious  material 
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A,  Gcrebr&l  HfitnUpIifini  of  adult  Macjicqiifl  mocikfljr* 

B.  Curtibr&l  Ucimlsphire  of  child  ibortly  befon  Mrtli, 

Tfao  tifo  brmJn^  &te  v«ry  niuch  ulik*,  but  tliB  growth  farwanls  of  thi  f^ntal  lobM  mvnn  «t  th)M  H^y 
fttd^  uf  devfllopuietit  of  the  hamnn  br&lD  tfl  quftQ  wotl  two.    B,  tisan  itt  gylviui ;  Il»  flBsiii«  of 

called  the  grey  matter  of  the  cortex  to  be  packed  within  the  narrow 
compass  of  the  cranium.  In  the  lowest  vertebrates  the  surface  of 
the  brain  is  smooth,  but  going  higher  in  the  animal  scale  the  fissures 
make  their  appearance,  reaclmig  their  greatest  degree  of  complexity 
in  the  higher  apes  and  in  man. 

In  an  early  embryonic  stage  of  the  human  fostud  the  brain  is  also 
smooth,  but  as  development  progresses  the  sulci  appear,  until  the 
climax  is  reached  in  the  brain  of  the  adult. 

The  sulci,  which  make  their  appearance  first,  both  in  the  animal 
scale  and  in  the  development  of  the  human  fcBtus,  are  the  same. 
They  remain  in  the  adult  as  the  deepest  and  l>est  marked  sulci ;  they 
are  called  the  primary  Jlssures  or  sulci,  and  they  divide  the  brain  into 
lobes;  the  remaining  sulci,  called  the  secondary  fissures  or  sulci, 
further  subdivide  each  lobe  into  cajivolutiom  or  (;yri, 

A  first  glance  at  an  adult  human  brain  reveals  what  appears  to 
be  a  hopeless  puzzle;  this,  however,  ia  reduced  to  order  when  one 
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IM  us  take  first  the  outer  surface  of  the  human  hemisphere  r  the 
prinmry  flsBures  are—  ' 

L  Thefimum  of  Sylvius  ,*  this  divides  into  two  limbs,  the  poaterior 
of  which  ia  th©  larger,  and  runs  backwiirds  and  upwards^  and  the 
anterior  limK  which,  passing  into  the  substance  of  the  hemisphere 
forms  the  Mand  of  Rdl.  ' 

2.  The  JUmre  of  Rolando  runs  from  about  the  middle  of  the 
top  of  the  diagram  (fig.  485)  downwards  and  forwards, 

3.  The  exfernal parieto^octripltal  fissure  (Par.  oc.  r)  is  parallel  to  the 
figsuro  of  Rolando  but  more  posterior  and  much  shorter;  in  moakova 
it  is  longer  (see  fig-  484). 
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These  three  fissures  divide  the  brain  into  five  lobes : — 

1.  The  frontal  lobe ;  in  front  of  the  fissure  of  Rolando. 

2.  ll&e  parietcd  lobe;  between  the  fissure  of  Bolando  and  the 
external  parie to-occipital  fissure. 

3.  The  ocdpilal  lobe;  bahiiij  the  external  parieto-occipital  fissure. 
4  The  iempoTQ-sphejioidal  lobe ;  below  the  fissure  of  Sylvius. 

5,  The  Island  of  EeU, 

It  will  be  noticed  that  the  names  of  the  lobes  correspond  to  Iboae 
of  the  bones  of  the  cranial  vault  which  cover  them.  There  is  no 
exact  correspondence  lietween  the  bones  and  the  lobes,  but  the  precise 
position  of  tlie  various  convolutions  in  relation  to  the  surface  of  the 
skull  is  a  matter  of  anatomy,  which,  in  these  Jays  of  brain-surgery, 
is  of  overwhetjiiing  importance  to  the  surgeon.  The  posiuon  of  a 
localised  disease  in  the  brain  can  be  determined  very  accurately,  as 
we  shall  see  later,  by  the  symptoms  exhibited  by  the  patient,  and  it 
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would  be  obWously  inconvenient  to  the  patient  if  the  sur^on  was 
unable  to  trephine  over  the  exact  spot  under  which  the  diseased  con- 
volution Ues,  but  bad  to  make  a  number  of  exploratory  holes  to  find 
out  where  he  was. 

Each  lobe  is  divided  into  convolutions  by  secondary  fissures, 

1.  The  ftontal  lobe  is  divided  by  the  eentral  frontal  or  prefrontal 
suic7iSy  which  runs  upwards  parallel  to  the  fissure  of  Rolando,  and  two 
transvirm  frontal  »uJc%  upper  and  lower,  into  four  convolutions ; 
namely  I  the  a^endinfi  frontal  convolution  in  front  of  the  fissure  of 
Rolando,  and  three  traiuvers^frantal  mfwohUi&ns,  upper,  middle,  and 
l&wer,  which  run  outwards  and  forwards  from  it. 

2,  The  parietal  lobe  has  one  Important  secondary  sulcus,  at  first 
running  parallel  to  the  hssure  of  Rolando  and  then  turning  back 
parallel  to  the  margin  of  the  brain.  It  is  called  the  intra-paruial 
imleus.  The  lobe  is  thus  di\ided  into  the  ascending  parutai  convolu- 
tion behind  the  fissure  of  Rolando,  the  supra-marginal  mnvolutian 
between   the  intra-parietal  sulcus,  and   the  fissure  of  Sylvius,  the 
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angular  eonvoluium  which  turns  rouod  tim  and  of  the  Sjlviaa  fiastit 
nod  the  mperior  paHdcU  convoluiwn,  ^pariaial  lohUe,  in  bomlottb 
external  parieto-oecipital  tiBauro. 

3.  The  occipital  lobe  ie  divided  into  t^vptfr^  ^tddts,  amd  bvtr 
o&npUai  mnmlulu>m  by  two  aecondarj  fissuiBs  rmming  acrosa  it 

4.  The  temporal  or  temporo  sphenoidal  lolie  is  fliiDilsdj 
divided  into  uppir,  middls,  and  lower  temporal  canvaluiions  fejr  two 
tiaaiires  ranmng  parallel  to  the  figsure  of  Sylvius ;  the  opper  of  then 
fiaatttw  is  c&Iled  the  paraUd  fissure, 

5.  The  Island  of  Reil  is  divided  into  eonvolutions  by  tba  fandc^ 
lag  up  of  the  anterior  limb  of  the  Syhdao  fissure. 

Coming  now  to  the  mesial  surface  of  the  hemisphere  (fig.  486^ 
it0  subdivisions  are  made  evident  by  cutting  through  the  corpm 
callosum  which  unites   the  hamiBphere  to  its   fellow.      The  sob- 
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division  into  lobes  is  not  so  apparent  here  as  on  the  external 
surface  of  the  hemisphere,  so  we  may  pass  at  once  to  the  can- 
volutions  into  which  it  is  broken  up  by  fiasures. 

In  the  middle  the  corpus  callosum  is  seen  cut  across ;  above  it 
and  parallel  to  its  upper  border  is  a  fissure  called  the  callo&o^TnaraiTmil 
fisauref  which  turns  up  and  ends  on  the  surface  near  the  upper  and 
of  the  fissure  of  Eolando.  The  convolution  above  this  is  called  the 
marginal  convolutmn,  and  the  one  below  it  the  cailosal  convolution  or 
gyrm  fornwatm.  The  deep  fissure  below  the  corpus  caUosum  running 
from  its  posterior  end  forwards  and  downwards  is  called  the  dmiiaU 
JUsure ;  this  forma  a  projection  seen  in  the  interior  of  the  lateral 
ventriclei  and  called  there  the  hippocampus  major ;  the  hippocampal 
convohUioTh,  together  with  the  gjrus  fornicatiis  above  the  corpus 
callosum,  constitutes  the  limhic  lobe.  Below  the  dentate  flasure  is 
another  called  the  collateral  fi^sswre,  above  which  is  the  uncinaie 
convolutioUf  and  below  which  is  the  inferior  temporal  convolution 
which  we  have  previously  seen   on  the  external  surface    of    the 
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Fin,  48r.— OlWUl  Borfacs  of  froBUl  lobe. 
0»  olfactory  nuktiB. 

S,a^f  (Lnteiiur  limb  of  %1tI«i  flit&un. 
^'.^.,  puMtnrlqrlliiib  of  Sylvlun  Dmupb, 
A,P.S,,  ADterlor  piTror*t*d  iput. 


hemmphere  (see  fig,  486).  In  the  occipital  region  the  internal  parkio- 
ocdpitalfissuTi,  which  is  a  continuation  of  the  external  parieto-oceipital 
tissure,  passes  downwards  and  forwards  till  it  meets  the  calcarine 
fismre;  these  two  enclose  between  them  a  wedge-shaped  piece  of 
brain  called  the  curmiB  or  cunmle 
lohiU;  the  square  piece  above  it  ia 
called  the  prmmwrn  or  quadrilaieral 

The  only  convolutions  now  left  are 
those  which  are  placed  on  the  surface 
of  the  frontal  lobe  that  rests  on  the 
orbital  plate  of  the  frontal  bone;  they 
are  shown  in  fig.  453,  2  T  T  {p.  634), 
and  may  be  seen  diagrammatically  in 
fig.  4S7i  the  end  of  the  temporal  lobe 
being  cut  off  to  expose  the  convolutions 
of  the  central  lobe  or  Island  of  EeiL 

Along  the  edge  is  the  continuation 
of  the  marginal  convolution  (ii) ;  next 
comes  the  olfactory  sulcus  (o)  in  which  the  olfactory  tract  and  bulb 
lie ;  then  the  triradiate  m^Utal  sulcus  (O.S.)  which  divides  the  rest  of 
this  surface  into  three  convolutions. 

The  Ar(*hiifatUum  and  thfi  NeopaiUum. — The  grey  matter  of  the  fore-brain  which 
makes  its  appearance  carHest  in  vertebrates  is  that  which  is  associated  with  the 
sense  of  !vniel]  (rhinencepha1on)»  and  in  termed  the  archipaUium;  it  forms  the 
principal  part  of  the  primitive  cortex  and  even  in  snme  mammals  (those  in  which 
the  olfjictory  sense  is  hiffhly  developed),  remains  large  and  impurtanU  consisting  of 
a  large  hoHow  olfactory  oufb  continuous  with  the  hippocampus,  and  separated  from 
the  rest  of  the  cortex  by  tiic  limbic  fissure.  In  the  higher  mammals  it  is  reduced 
to  small  proportions  In  corn  pans  on  M^ith  the  rest  of  the  cortCTt,  which  is  termed 
on  aceouot  of  its  later  appearance  in  historical  development,  the  neopallium.  In 
man  the  rhmencephalon  conijists  of  the  olfactory  bulb  and  tract  (see  Chapter 
Lni.);  posteriorly  the  grey  cortex  to  which  this  passes  is  doubled  in  to  form 
the  hippfM^fimpus  major  which  projects  into  the  lateral  ventricle  ;  this  is  cootinnous 
externally  around  the  dentate  sulcus  with  the  gj'rus  hippocampL  This  part  of  the 
cortex  is  easily  distinguish  able  micn-iseopically  from  the  neopallium,  but  without 
going  into  minute  dctoils»  it  may  be  stated  in  gener.il  tcrm^  that  it  is  simpler  in 
structure  than  the  gr^y  matter  elsewhere ;  m  the  hippocampus,  for  instance,  the 
pyramids  arc  redural*  to  a  single  layer  of  large  cells ;  in  the  lobus  pynformis 
(anterior  part  of  the  gyrus  hippocampi)  the  cells  are  grouped  in  a  characteristic 
nest-like  way. 
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Thb  functions  of  the  Bpinal  cord  fall  into  two  categories  :  functiotii  i 
of  the  grey  matter,  which  cooaist  in  the  rafleetioD  of  ajferent  im- 
pulsaH,  and  their  converBion  into  efferent  impulaaB  (r^«s^  aciian);  and 
fimctione  of  the  white  matter,  which  are  those  of  €andu€iiofK 


The  Cord  aa  an  Qr^an  of  Qooductiozi. 

We  have  studied  at  some  length  the  various  paths  io  the  while 
matter,  and  m  we  have  the  materials  at  hand  for  recapitulating  the 
main  facta  in  connection  with  the  physiological  aspect  of  the  problenL 

Complete  section  of  the  spinal  cord  in  animals^  and  disaadee  or 
injuries  of  the  cord  or  spinal  canal  in  man,  which  practically  cut  the 
cord  in  two,  lead  to  certain  histological  changes  of  a  degeneratiYe 
nature,  which  we  have  already  studied,  and  to  physioiogicai  results, 
which  are  briefly — (1)  paralysis,  both  motor  and  sensory,  of  tho  parts 
of  the  body  supplied  by  spinal  nerves  which  originate  below  the 
point  of  injury;  and  (2)  increased  reflex  irritahility  of  the  game 
parts,  the  reason  for  which  we  shall  study  immediately. 

Hemisection  of  the  cord  leads  to  degenerative  changes  on  the 
same  side  of  the  cord,  and  loss  of  motion  and  sensation  on  the  sams 
side  of  the  body  below^  the  lesion  (see  p.  631), 

The  main  motor  path  in  the  cord  from  the  brain  is  the  prramidal 
tract;  the  anatomy  of  this  tract  is  described  in  Chapters  XLIL  to 
XL VI.,  and  we  need  do  no  more  hers  than  remind  the  reader  that  it 
originates  from  the  pyramidal  cells  of  the  cortex  of  the  opposite 
cerebral  hemisphere,  and  that  the  principal  decussation  occurs  at  the 
lower  part  of  the  bulb* 

The  sensory  tracts  are  more  complex^  on  account  of  the  numerona 
eell*atations  on  their  coursa  The  path  for  tactile  and  umsculax 
sense  impressions  is  up  the  posterior  columns  to  the  nucleus  gracilis 
and  nucleus  ouoeatus;  thence  by  the  interna!  arcuate  fibres  and  fillet 
to  the  optic  thalamus  of  the  opposite  side,  and  thence  by  the  posterior 


I 


\ 


OH.  XLVn.]  CONDDCTIITG  PATHS  IK  BMNAl  CORD 


6V9 


I 


^ 


part  of  the  internal  capsule  to  the  Rolandic  area  of  the  hemisphere ; 
the  decussation  of  the  fillet  occurs  in  the  bulk 

Schiff,  one  of  the  earliest  to  work  at  the  subject  of  conducting 
paths  in  the  cord,  arrived  at  the  conclusion  that  painful  impressions 
travelled  to  the  brain  by  the  grey  matter  of  the  cord*  This  conclu- 
Bion  waa  regarded  as  paratloxical,  for  white  matter  is  conducting, 
grey  matter  is  central  or  reflecting.  But  the  conclusion  is  not  so 
paradoxical  as  it  appears  at  first  sight,  for  we  now  know  the  grey 
matter  is  made  up  of  nerve-units,  communicating  physiologically  by 
thiiir  interlacement  of  dendrons;  and  it  is  quite  easy  to  understand 
that  impidses  may  travel  up  grey  matter  through  a  vast  series  of 
cell-sLationa  or  positions  of  relay.  The  more  exact  methods  of 
modern  research  have  gone  far  to  justify  Schiff's  conclusions,  and  it 
is  now  generally  held  that  the  irapulsea  due  to  painful  impressions, 
and  also  those  produced  by  heat  and  cold,  travel  up  to  the  optic 
thalamus  by  the  loopinga  of  fibres  from  cell  to  eel!  through  the  tract 
of  grey  matter,  which  is  continuous  from  cord  to  optic  thalamus 
(fig*  482,  QM.);  from  the  optic  thalamus  the  fibres  of  the  corona 
radiata  carry  on  the  impulse  to  the  cortex,  Tliese  conchisions  are 
confirmed  by  recent  experiments  on  hemisection  (see  p.  631),  and  by 
the  phenomena  seen  in  certain  diseases.  One  of  the  most  instructive 
of  these  from  the  physiological  standpoint  is  known  as  locomotor 
oioay.  This  disease  is  an  affection  of  the  afferent  neurons,  and  the 
most  marked  and  constant  change  in  the  spinal  cord  is  a  degenerative 
one  in  the  posterior  columns.  In  such  a  case  muscular  and  tactile 
sense  are  abolished,  particularly  in  the  lower  limbs,  but  painful  and 
thermal  sensations  are  felt.  On  the  other  hand,  in  the  diBeaae  of  the 
grey  matter  of  the  cord  called  syringomydia^  sensations  of  heat^  cold, 
and  pain  are  lost^  and  tactile  aensatiuna  remain. 

Some  afferent  iiapulaes  reach  the  cereMlum  vid  the  cells  of 
Clarke's  column  and  the  direct  or  dorsal  eerel>ellar  tract  to  the  reeti- 
form  body  and  inferior  pfiduncle  of  the  cerebellum ;  it  terminates  in 
the  vermis  or  midtlle  lobe  of  the  cere L>e Hum.  The  fibres  of  the  tract 
of  Gowers  orit^inate  in  the  aarue  or  nei^htiourin^  cells,  and  those  of 
its  fibres  which  enter  the  cereljellum  do  so  by  its  superior  peduncle, 
and  these  abu  end  in  the  vermis. 

This  leaves  us  still  one  more  set  of  fibres  to  consider;  these  are 
the  fibres  that  leave  the  cerebellum  and  travel  up  to  the  brain  and 
down  the  cord.  They,  like  most  of  the  other  tracts,  have  been  in- 
vestigated by  the  degeneration  method.  Their  exact  course  is,  how- 
ever, uncertain,  though  probably  they  ultimately  terminate  by 
arborising  round  the   multipolar  cells  of  the  cerebrum  and   of  the 
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Re^ex  Action  of  the  Spinal  Cord. 

There  are  two  theories  of  a  speculative  nature  regarding  the 
relationship  of  refiex  and  voluntary  actions :  one  ia,  that  all  aetioos 
are  in  eaeence  reflex,  and  that  the  so-called  voluntarj  actions  are 
modified  reflexes,  in  which  the  afferent  impulso  to  act,  though  often 
obscure,  is  nevortheleaa,  by  seeking,  always  to  be  found*  Put  in 
popular  language,  this  theory  implies  that  we  have  really  no  such 
thmg  as  a  will  of  our  own,  but  our  actions  are  simply  the  result  of 
external  circumstances. 

The  other  theory  is  the  exact  opposite — namely,  that  all  actions 
are  in  the  beginning  voluntary,  and  become  reflex  by  practice  in  the 
lifetime  of  the  individual,  or  the  lifetime  of  his  ancestors,  who  trans- 
mit this  character  to  their  descendants. 

This  is  not  the  place  to  discuss  a  philosophical  question  of  this 
kind,  and  still  less  the  debated  question  whether  acquired  characters 
are  transmissible  by  inheritanca  The  distinction  between  voluntary 
and  reflex  actions  is  a  useful  practical  one,  and  certainly  it  cannot 
be  doubted  that  many  practised  actions  become  reflex  in  the  lifetime 
of  every  one  of  us.  Take  walking,  skating,  or  bicycling  as  examples: 
at  first  these  acts  of  locomotion  are  those  in  which  the  brain  is  con- 
cerned ;  they  are  actions  demanding  the  concentration  of  the  atten- 
tion ;  but  later  on  the  action  is  largely  carried  out  by  the  spinal  cord, 
the  afferent  impulses  to  the  cord  from  the  lower  limbs  directing  the 
efferent  impulses  to  the  muscles  concerned* 

The  reflex  actions  of  the  spinal  cord  may  first  be  studied  m  a 
brainless  frog,  as  in  this  animal  the  spinal  cord  possesses  a  great 
power  of  controlling  very  complex  reflex  actions. 

Reflexes  in  a  BrainJesa  FroK* 

After  destruction  of  the  cerebrum  the  shoek  of  the  operation 
renders  the  animal  for  a  short  time  motionless  and  irresponsive  to 
stimuli,  but  in  a  few  minutes  it  gradually  assumes  a  position  which 
differs  but  little  from  that  of  a  living  conscious  frog.  If  thrown  into 
water  it  will  swim ;  if  placed  on  a  slantiug  board  it  will  crawl  up  it 
(Goltz);  if  atrokoil  on  the  flanks  it  will  croak  (Goltz);  if  it  is  laid  on 
its  back,  and  a  small  piece  of  blotting-paper  moistened  mth  acid  be 
placed  on  the  skin,  it  will  generally  succeed  in  kicking  it  off ;  if  a 
foot  is  pinched  it  wdl  draw  the  foot  away ;  if  left  perfectly  quiet  it 
remains  motionless*  Even  when  the  optic  thalami  are  destroyed 
also,  it  still  executes  complex  reflex  actions,  but  all  power  of  balancing 
and  all  spontaneity  are  lost. 

The  muscular  response  that  follows  an  excitation  of  the  surface 
is  purposive  and  constant,  the  path  along  which  the  impulse  is  pro- 
pagated being  definite* 


4 


CH.  XLYTI,] 


REFLIX  ADTIOTfl^ 


681 


Under  certain  abnormal  conditions,  however,  the  propagation  of 
the  impulse  in  the  cord  is  widespread,  the  normal  paths  being,  as  it 
were,  broken  down.  This  is  seen  in  the  convnlsions  that  occur  on 
slight  excitation  in  animals  or  men  who  have  snffered  from  profuse 
haemorrhage,  or  in  the  disease  called  lockjaw  or  tetanus*  Such  a 
condition  is  easily  demonstrable  in  a  brainless  frog  under  the  influence 
of  strychnine:  after  the  injection  of  a  few  drops  of  a  1  per  cent 
solution  under  the  skin,  cutaneons  excitation  no  longer  produces  co- 
ordinated responses,  but  paroxysms  of  convulsions,  in  which  the  frog 
assumes  a  characteristic  attitude,  with  arms  flexed  and  legs  extended. 

Sprmding  of  TBfiexeB. — If  one  lower  limb  is  excited,  it  is  that  limb 
which  responds ;  if  the  excitation  is  a  strong  one  it  will  spread  to  the 
limb  of  the  opposite  side,  and  if  stronger  still  to  the  upper  limbs  also, 

Pfltiger  taught  that  the  direction  of  irradiation  within  the  spinal 
cord  was  always  upwards.  Sherrington  has  shown  that  this  is  not 
so,  and  has  discovered  many  descending  paths  (see  p.  631). 

Cumulation  of  reflexes. — This  is  well  illustrated  by  Turck's  method. 
If  a  number  of  beakers  of  water  are  prepared,  acidulated  with  1,  2, 
4,  etc.,  parts  of  sulphuric  acid  per  1000,  and  the  tips  of  the  frog's 
toes  are  immersed  in  the  weakest,  the  frog  at  first  takes  no  notice  of 
the  fact,  but  in  time  the  cumulation  or  summation  of  the  sensory 
impulses  causes  the  animal  to  withdraw  its  feet.  If  this  is  repeated 
with  the  stronger  liquids  in  succession,  the  time  that  intervenes  before 
the  muscles  respond  becomes  less  and  leas.  This  method  also  serves 
to  test  reflex  irritability  when  the  frog  is  under  the  influence  of 
various  drugs. 

InhtbUion  of  refleM^. — ^If,  instead  of  the  whole  brain,  the  cerebrum 
only  is  destroyed,  and  the  optic  lol>6S  are  left  intact,  response  to 
excitation  is  much  slower,  the  influence  of  the  remaining  part  of  the 
brain  inhibiting  the  reflex  action  of  the  cord.  Or  if  in  doing  the 
experiment  with  acid  just  described  the  toes  of  the  other  foot  are 
tjeing  simultaneously  pinched,  the  response  to  the  acid  is  delayed. 

This  influence  of  the  brain  on  the  cord  is  also  illustTated  in  man, 
by  the  fact  that  a  strong  efifort  of  the  will  can  control  many  reflex 
actions.  It  is,  for  instance,  possible  to  subdue  the  tendency  to 
sneeze;  if  one  accidentally  puts  one's  hand  in  a  flame,  the  natural 
reflex  is  to  withdraw  it :  yet  it  is  well  known  that  Cranmer,  when  being 
burnt  at  the  stake,  held  his  hand  in  the  flames  till  it  was  consumed. 

After  the  spinal  cord  has  been  divided  by  injury  or  disease  in  the 
thoracic  region,  the  brain  can  no  longer  exert  tUs  controlling  action ; 
hence  the  part  of  the  cord  below  the  injury  having  it,  as  it  were,  all 
its  own  way,  has  its  reflex  irritability  increased*    The  increase  of 

*  III  some  injuries  to  the  cord  produced  by  crushmg,  there  is  a  loss  of  reflexes 
beiow  the  injury.  These,  however,  are  not  simple  transverse  lesions ;  the  loas  of 
rail  ex  action  is  due  piirtly  to  shock,  and  partly  to  extensive  injury  of  the  grey  matter* 
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reAeiX  irritabilitj  jb  aim  aeen  in  the  disease  called  i^^rml  $dffmi; 
here  the  lateral  columns,  including  the  pyramidal  tract,  hecoiai 
de^emted,  and  so  the  path  from  the  bmin  to  the  cella  of  the  corf 
b  m  g^t  measore  destroyei  In  these  patienta  the  mevmm  of 
reflex  irritability  may  become  a  very  distreesing  eyraptom,  Bli|b 
axmtatioas,  like  a  movement  of  the  bedHdathas,  arouaing  powBrW 
iKHiimlsive  spasms  of  the  legs* 

SfJUz  Hm€.~ln  the  frc^  deducting  the  time  tpaken  in  the  trani- 
miaaion  of  tmputses  along  nerv^,  the  time  consumed  in  the  cori 
(reflex  time)  varies  from  0  008  to  0015  second;  if  the  reflex  croenei 
lo  tha  0th»  side  it  ia  ona-third  longer  It  is  leasened  by  hast,  and 
midar  Iha  infliMnoe  of  a  afirong  stimulus  (see  also  p.  205). 

Reflex  Action  in  Man. 

The  reflexes  obtainable  in  man  form  a  moat  important  factor 
in  dUgnosia  of  diseases  of  the  ner^^ous  system ;  each  action  m  eflbetai 
through  an  aflerent  sensory  nerve^  a  system  of  nerve-cells  in  th 
cord  termed  the  reflex  centre,  and  an  efferent  motor  nerve  ^  the 
whole  constitutes  what  is  caDed  the  rejl€x  arc  The  absenea  d 
certain  reflexes  may  determine  the  poattion  in  the  spinal  cord  wMeb 
ia  the  seat  of  diseasa 

Two  forms  of  reflex  action  must  be  distinguished  ; — 

1,  SupertiQial  reflexea.  These  axe  true  refieix  actions,  and  aw 
excited  by  stimulation  of  the  skin. 

2.  Deep  reflexes  or  toudon  reflexes.  This  is  a  most  undesimbk 
name,  aa  they  are  not  true  reflex  actiona 

Superficial  Reflexea— These  are  obtained  by  a  gentle  stimula- 
tion, such  as  a  touch  on  the  skin ;  the  muscles  beneath  are  usuaUj 
aflected.  but  muscles  at  a  distance  may  be  afiected  also.  Thus  i 
prick  near  the  knee  will  cause  a  reflex  fltsxion  of  tho  hip. 

The  most  important  of  these  reflexes  are : 

a  Plantar  refits:  withdrawal  of  the  feet  when  the  eoles  aii» 
tickled 

k  Glutml  r$JUx:  a  contraction  in  the  gluteus  when  the  akin  orci 
it  m  Btimulatad, 

c-  Crefmut^ru  rtfi§x:  a  retraction  of  the  testicle  when  the  akin  0(a 
the  inner  side  of  the  thigh  is  stimulated. 

d  Ahdominal  r^JUz:  in  the  muscles  of  the  abdominal  waU  wbea 
the  skin  over  the  aide  of  the  abdomen  is  stroked ;  the  upper  part  of 
this  reflex  is  a  very  deflnite  contraction  at  the  epigastrium,  and  has 
been  termed  the  tpi^asiric  r^fiez, 

a  A  series  of  similar  reflex  actions  may  be  obtained  in  the  mnacles 
of  the  back,  the  highest  being  in  the  muscles  of  tiie  scapula, 

t  In  the  rBgion  of  the  cranial  nervea  the  most  important  refiezes 
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are  those  of  the  eye — (i)  the  conjunctival  reflex,  the  movement  of  the 
eyelids  when  the  front  of  the  eyeball  is  touched ;  and  (ii)  the  con- 
traction of  the  pupil  on  exposure  of  the  eye  to  light,  and  its  dilatation 
on  stimulation  of  the  skin  of  the  neck* 

Tendon  Reflexes. — When  the  muscles  are  in  a  state  of  slight 
tension,  a  tap  on  their  tendons  will  cause  them  to  contract.  The  two 
soHiiailod  tendon  reflexes  which 
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are  generally  examined  are  the 
patella  tendon  reflex  or  knte- 
jerk,  and  the  foot  phenomenon 
or  ankls-clmius. 

Hie  kTkee-jerL— The  quad- 
riceps muscle  is  sltglitly 
stretched  by  putting  one  knee 
over  the  other;  a  sUght  blow 
on  the  patella  tendon  causes  a 
movement  of  the  foot  for- 
wards, as  indicated  in  the 
dotted  line  of  fig.  48S.  The 
phenomenon  is  present  in 
health. 

Ankle-clontis. — This  is  eli- 
cited as  depicted  in  the  next 
figure:    the  hand   is  pressed 
against  the  sole  of  the  foot,  the  calf  muscles  are  thus  put  on  the 
stretch  and  they  contract^  and  if  the  pressure  is  kept  up  a  quick 

succession  or  clonic  series  of 
contractions  is  obtained.  This, 
however,  is  not  readily  obtained 
in  health. 

These  phenomena  are  not 
true  reflexes;  the  time  that  in- 
tervenes between  the  tap  and 
the  response  is  so  short  that 
they  must  be  due  to  direct 
stimulation  of  the  muscles  by 
the  sudden  stretclmig  of  their 
tendons. 

Nevertheless,  the  idea  that 
they  are  reflex  is  supported  by 
Fso.  i8i.-Aiikie-doiiiii.  co<^wBn.>  the  following  facts : — 

1.  There  are  nerves  in  tendon* 

2.  The  phenomena  depend  for  their  occurrence  on  the  integrity 

the  reflex  arc.     Disease  or  injury  to  the  afferent  nerve,  efferent 

rve,  or  spinal  grey  matter,  abolishes   them*     Thus  they  o&nnat 
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be  abtainad  in  locomotor  ataxy  (damago  %o  the 

fOOtM%  or  in  jnfantila  paralysis  (damago  to  tha  a&leimr 

grejr  malter). 

3.  Ttiey  ai^  axoessive  in  those  eonditioaB  whioh 
reOex  irritability,  sucli  as  sevefaooe  oi  brain    from    eofd,  aid  k 
lateral  sderosis. 

Tlv&m  two  eats  of  facts  can  be  reconcnied  in  tlie  foUowing  mj 
(Oowora) : — 

Tlia  tendon  reflexes  are  not  i^fieje«,  but  are  due  to  ttnttl 
stimuktion  of  the  muscle  itoelt  In  order  that  the  moacle  wmj 
respond,  it  is  neceesary  that  it  be  in  an  irritable  condilioii;  thji 
is  mccmipliBhed  by  putting  it  slightly  on  the  atretc^  and  so  ^ptng 
forth  the  condition  called  tonus^  and  thus  a  readiitess  to  contnct 
on  slight  pravocatioD.  Muscular  tonus  depends  on  the  int^&r 
of  the  reflex  arc.  The  sensory  etimulua  for  this  reflex  mnsciil^ 
tone  arises  in  the  muscle  itself,  and  also  in  the  condition  of  tlw 
antagonistic  muscles.  Hence  injury  to  any  part  of  the  reflex  ait, 
by  abolishing  the  healthy  tone  of  a  muscle,  deprives  it  of  thil 
irritabb  condition  necessary  for  the  production  of  these  80-<^Ued 
rtiex  actions. 

'rb«  eiact  emifie  of  the  rei\ex  i\Tc  coiic-emed  in  the  knee-jerk  hms  been  waited 
cmt  by  Shcrrffigton  la  the  monkev.  The  ocrve-fibtes  une  majoJy  tbose  wfudi  pass 
fl)  to  and  fmm  the  t'rurcui  by  the  anterior  rmrat  ncn^e,  and  (2)  to  mnd  from  the 
naniHlringt  by  thr  arlittic  nerve.  The  fibres  which  supply  the  crureus  miise  fKtm  the 
■plmil  nrfVorooU  whkh  ifi  ninn  intrcspond  to  the  3rd  and  Itb  lumbAr;  the  ham^ 
■trtfig  iupply  ji  from  the  fith  luiiit>ar  and  1st  and  2nd  sacral  ronta. 

R#qlprocal  Action  of  Antagonlfitlc  Muscles, — This  is  as 
intereatiug  branch  of  muscle  physiology,  which  we  owe  to  the 
reiearohe^  of  Sherrington.  In  brief,  he  shows  that  the  inhibitioii 
of  thrj   tonu«  of  a   voluntary  muscle  may  be  brought    about  by 

uxeitation  of  its  antagonist, 

Movfjrnent  at  a  joint  in  any  direction  involves  the  shorteniJig 
of  out*  BOt  ijf  muscles  and  tho  elongation  of  another  (antagonistic) 
iet,  ThQ  Bt retching  of  a  mnscle  produced  by  the  con  traction  of 
its  antagrinist  may  excito  (mechanically)  the  sensorial  organs 
(pruhaltly  the  muaclc-spindles,  see  p.  86)  in  the  muscle  that  is 
tmdor  ex  tensiim ;  in  this  way  a  reflex  of  pure  muscular  initiation  may 
be  st&rtoH,  Experiments  show  that  electrical  excitation  of  the 
odntral  end  of  an  exclusively  muscular  nerve  produces  inhibition 
of  tho  tonus  of  its  antagonist  For  instance,  the  central  end  of  the 
sevcrod  hiimstring  nerve  is  faradised.  Tliia  nerve  contains  in  the 
oat  4510  nerve-hbres,  and  of  these  about  1810  are  sensory  in 
function*;  those  come  from  the  flexor  muscles  of  the  knee,   not 


ftbres 


*  The  number  of  acnsoiy  nerve-fibres  is  detcrtiitne<]  by  counting  the  health t 
i&  in  the  nerve  flftr*r  scctioo  of  the  ant^Hor  nerve-roota.  ^ 
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from  the  skin.  The  effect  of  the  stimulation  of  tiie  nerve  on  the 
tonus  of  the  extensor  muscles  of  the  knee  is  seen  {a)  in  elongation 
of  those  muscles,  {b)  in  temporary  diminution  of  the  knee-jerk. 
The  experiment  may  be  varied  as  follows:  the  exposed  flexor 
muscles  detached  from  the  knee,  and  therefore  incapable  of 
mechanically  affecting  the  position  of  the  joint,  are  stretched  or 
kneaded.  This  produces  a  reflex  elongation  of  the  extensor  muscles 
of  the  knee  and  a  temporary  diminution  of  the  knee-jerk.  The 
effects  are  in  fact  the  same  as  those  produced  by  faradisation  of  the 
central  end  of  the  nerve  supplying  them.  It  may  therefore  be  that 
reciprocal  innervation,  which  is  a  common  form  of  co-ordination  of 
antagonistic  muscles,  is  secured  by  a  simple  reflex  mechanism,  an 
important  factor  in  its  execution  being  the  tendency  for  the  action  of 
a  muscle  to  produce  its  own  inhibition  reflexly  by  mechanical  stimu- 
lation of  the  sensory  apparatus  in  its  antagonist. 

On  p<  672  we  have  drawn  attention  to  the  three  **n€rvoiiS  circles*' 
by  which  an  afferent  impulse  may  affect  the  motor  discharge  from 
the  anterior  horn-cells  of  the  cord ;  there  is  the  short  path  by  the 
collaterals  of  the  entering  fibre  which  pass  directly  to  these  cells,  and 
there  are  the  two  longer  paths,  vi^l  the  cerebellum  and  cerebrum 
respectively.  In  the  execution  of  a  volimtary  action  all  three  circles 
are  in  activity  to  produce  the  co-ordination  and  due  contraction  and 
elongation  of  antagonistic  muscles  which  characterise  an  effective 
muscular  act.  Section  of  the  posterior  roots  produces  not  only  an 
inability  to  carry  out  reflex  actions,  but  also  leads  to  an  inability  to 
carry  out  effectively  those  more  complicated  reflex  actions  which  are 
caUed  voluntary,  and  in  which  the  brain  participates.  Locomotor 
ataxy,  or  tabes  dorsalis,  is  a  slowly  progressive  disease,  the  anatomical 
basis  of  which  is  a  degeneration  of  the  nerve-units  of  the  spinal 
ganglia.  It  is,  therefore,  analogous  to  a  physiological  experiment  in 
which  the  posterior  roots  are  divided,  and  although  fibres  may  remain 
which  still  allow  of  the  passage  of  nervous  impulses,  the  action  of  the 
three  circles  is  greatly  interfered  with;  the  spinal  reflex  arc  is  at 
fault;  this  is  shown  by  the  loss  of  reflex  action,  the  disappearance  of 
the  tendon  reflexes,  and  the  want  of  tonus  in  antagonistic  muscles ; 
the  main  symptom  of  the  disease  is  want  of  muscular  co-ordination, 
and  this  is  produced  not  only  by  the  lesion  in  the  spinal  cord,  but  is 
accentuated  by  the  want  of  continuity  in  the  other  two  circles,  so 
I  that  the  brain  is  unable  to  effectively  control  the  motor  discharge 
from  the  anterior  comual  cells. 

The  tendon  phenomena  are  important  to  the  pathologist;  they 
furnish  him  with  a  valuable  means  of  diagnosis  in  nervous  disorders. 
Their  usefuhaess  in  the  normal  state  is  very  well  put  by  Starling  in 
the  following  words : — "  Every  joint  is  protected  by  inextensible 
ligaments  and  by  musclee.    A  sadden  strain  on  a  ligament  will 


986 


FUKCTIONS   OF  TllK  SPIKAL  CORD 


[CH,  XLTIL 


niptur©  9ome  of  its  fibres,  and  perhaps  injur©  the  joint  surfaces.  An 
ordinary  reflex  contraction  could  not  prevent  this,  for  the  mischief 
would  be  done  before  the  reaction  could  take  place.  But  the  oentr&l 
nervous  system  keeps  the  muBcles  awake,  so  that  they  themselvee 
may  react  to  any  sudden  increase  in  the  tension  by  an  equally 
sudden  contraction  which  saves  Uie  joint,  before  the  central  nervous 
system  has  had  time  to  become  a%vare  of  the  strain." 

Tlie  Principle  of  the  Common  Patli  (Sherrington). — When  an 
afferent  nerve  is  stimulated,  the  impulse  eutera  that  complex  network 
of  conducting  paths,  which  is  calletl  the  central  nervous  system.  So 
numerous  arc  the  potential  connections  in  this  labyrinth  that  the 
impulse  may,  under  such  abnormal  conditions  as  strychnine  poison- 
ing, radiate  in  all  dircetiona,  and  be  discharged  so  as  to  throw  all  the 
muscles  of  the  body  into  action.  But  under  normal  clrciimstances 
the  irradiation  is  limited  to  certain  lines,  which  increase  in  number 
with  the  strength  of  the  entering  impulse.  The  general  pattern  of 
the  nervous  web  remains  fairly  constant,  but  its  details  are  subject 
to  great  variations,  and  a  new  stimulus  may  act  like  a  tap  on  a 
kaleidoscope,  and  throw  a  new  pattern  into  being. 

At  the  commencement  of  every  reflex  arc  is  a  receptive  neuron 
extending  from  a  sensory  surface  to  the  brain  or  cord,  and  this  is  a 
private  path  exclusively  occupied  by  impulses  from  its  own  receptive 
points  on  the  surface  of  the  body.  These  impulses  pass  along 
certain  association  tracts  or  in  tern  uncial  paths  in  the  central  nervous 
system,  and  at  the  termination  of  the  are  we  have  a  final  neuron 
which  acts  as  the  conducting  link  lietween  the  central  nervous 
system  and  the  muscle  or  gland  which  it  supplies*  This  final  neuron 
does  not  subserve  exclusively  impulses  generated  at  one  receptive 
Boui"ce,  but  can  be  used  in  the  conduction  of  impulses  generated  at 
many  points  of  the  body's  surface.  The  arm  muscleSj  for  insUnoe, 
can  be  thrown  into  play  in  response  to  visual,  auditory,  tactile,  and 
other  sensations.  The  final  neuron  thus  differs  from  the  initial 
neuron  in  being  public,  not  private,  and  may  be  spoken  of  as  the 
Jinal  common  path.  Of  course,  in  every  retlex  action  we  are  not 
really  concerned  with  imlividual  neurons,  but  with  thousands  of 
them  acting  in  harmony;  still,  for  descriptive  purposes,  it  is  well  to 
speak  of  one  set  of  neurons  only  aa  a  sample  of  the  rest.  An  ordinary 
motor  nerve  is  thus  a  collection  of  many  final  common  patha 

Kow  let  us  suppose  that  two  stimuli  are  acting  on  different  parts 
of  the  body's  surface,  each  of  w^hich  would  produce  impulses  that 
ultimately  reach  the  same  final  common  path  together,  though  ihey 
may  throw  it  into  action  in  rather  a  different  way.  Under  such 
circumstances^  it  is  found  that  the  occupation  of  the  public  path  by 
one  impulse  prevents  it  being  simultaneously  used  by  the  other; 
one  reflex  or  the  other  takes  place,  but  not  both  of  thenL 
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For  the  inveBtigation  of  mdli  a  problem,  the  "  eeratch  reflex  "  of 
the  dog  is  one  that  lends  itself  a^lmirably.  This  can  best  be  studied 
in  the  "spinal"  dog,  that  is  in  a  dog  in  which  cerebral  influence  is 
shut  off  by  division  of  the  spinal  cord  in  the  cervical  region.  If 
the  skin  over  a  large  saddle-shaped  area  covering  the  shoulders  and 
back  is  gently  irritated  on  one  side,  the  hind  leg  of  the  same  side 
executes  aeratching  movements,  which  involve  flexor  museles  princi- 
pally ;  the  rate  of  scratchini^  is  about  4  per  second,  and  each  move- 
ment is  presumably  a  short  tetanus.  The  best  '* artificial  flea"  to 
employ  is  a  weak  faradic  current,  and  it  is  the  nerves  at  the  roots 
of  the  hair  follicles  which  are  specialiy  susceptible  when  eliciting 
the  reflex.  The  internuncial  patbs  in  the  cord  are  in  the  lateral 
part  of  the  lateral  columni  and  division  of  that  region  of  the  cord 
abolishes  the  reflex- 

But  there  is  another  form  of  stimulation  which  also  throws 
the  same  flexor  muscles  into  action,  although  in  rather  a  diiTersnt 
way,  and  that  is  stimulation  of  the  sol©  of  the  foot  The  foot 
and  leg  are  withdrawn,  and  the  action  is  a  steady  one,  and  not 
a  succession  of  rhythmic  discharges  as  in  scratching.  Both  reflexes, 
however,  end  in  the  same  iinal  common  path  ;  and  if  while  scratch- 
in*^  is  being  elicited  by  stimulation  of  the  slioulder,  the  foot  is  then 
stimulated  flimultaneously,  scratching  immediately  ceases,  one  set 
of  impulses  hiiB  displaced  the  other  from  the  final  common  path. 
If  then  one  ceases  to  stimulate  the  foot,  the  scratch  reflex  returns  if 
the  irritation  of  the  shoulder  is  kept  up.  This  is  well  illustrated  by 
the  accompanying  tracing  (fig.  490). 

But  there  is  also  anuther  way  in  which  the  inhibition  of  reflexes 
may  be  produced.  The  contraction  of  one  set  of  muscles  is  usually 
accompanied  by  relaxation  of  its  antagonists,  and  the  contraction  of 
the  flexors  in  the  scratch  reflex  may  therefore  be  inhibited  by  making 
the  antagonistic  muscles  (the  extensor*!)  contract  Further,  the 
scratch  reflex  ia  unilateral,  but  this  dues  not  mean  that  the  muscles 
supplying  the  other  legs  are  inactive,  for  they  must  act  in  such  a 
way  aa  to  support  the  < log  on  three  legs,  while  it  scratches  with  the 
fourth  So  if  the  right  shoulder  is  stimulated,  the  right  hind  leg 
scratches ;  if  the  left  shoulder  is  stimulated,  the  left  hind  leg 
scratches;  but  if  both  shoulders  are  stimulated  together,  only  one  or 
the  other  leg  scratches,  not  the  two  at  once;  parts  of  the  final  paths 
are  common  to  both  sides,  and  there  is  a  struggle  for  their  occupa- 
tion. Some  instances  of  reinforcing  action  wero  found;  for  example, 
if  two  points  of  the  akin  of  one  shoulder  are  stimulated  with  a  very 
feeble  current,  neither  stimulus  alone  may  be  sufficient  to  evoke  the 
scratch  retlex,  but  the  two  together  may  elicit  it;  in  order  to  attain 
this  result  the  two  points  of  skin  must  be  fairly  close  together* 

The  afferent  neurons  (private  paths)  of  the  body  are  about  five 
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impulse  haa  of  getting  round  to  the  motor  organ*  (2)  Character  of 
impulse;  sensauons  of  painful  nature  and  sexual  feelings  win  the 
final  path  easily;  it  is  a  matter  of  common  experience  that  such 
sensations  dominate  and  even  exclude  other  sensatione;  a  man  with 
bad  toothache  is  not  likely  to  take  much  notice  of  anyone  who  pulls 
his  coat  tails.  (3)  Fatigue;  at  the  end  of  a  long  stimulation,  a 
stimulus  applied  to  a  fresh  reflex  arc  has  a  better  chance  of  capturing 
the  common  path* 

Bea,ctlon  Time  In  Man. — The  term  reaction  ttme  is  applied  to  the  timt.'  occu- 
pied in  the  centre  in  that  romplex  response  to  a  prc-armnget!  stimulus  in  which  the 
brain  as  well  as  the  cord  comes  into  pift/.  It  is  sometimes  cfilled  the  pfntonut 
^tmlion.  It  may  be  most  readily  measured  by  the  electrical  metliod,  Jind  the 
accompanying  diagram  (fig,  4&1)  will  iUuBtmte  one  of  the  numeraus  amitigementa 
which  nave  heen  proposed  for  the  purpose. 

In  the  primary  circuit  two  keys  A  and  B  are  included,  ^nd  a  chronograph  flj, 
arranged  to  write  on  a  revolving  cylinder  (fast  rate)^     Another  chronograph  (2), 


(t.) 


-4^ 


FiQ.  401.— EuctloD  tlmfi. 

marking  UlOOtlis  of  a  Bccond,  Is  placed  bdow  this.  The  experiment  Is  performed 
hj  two  persons  C  and  /A  The  key  A,  under  the  eontrol  of  C,  is  opened.  The  key 
B,  under  the  control  of  D,  is  closed.  The  electrodes  E  are  appliecl  to  some  part  of 
i)'s  body.  C  closes  ^L  The  primary  circuit  is  made.,  and  iJie  chronogt^ph  moves. 
As  soon  as  D  feels  the  shoik  he  opens  B,  the  current  is  thiis  broken*  unci  the 
chronograph  lever  returns  to  rest.  Measure  the  time  tiet^ieen  the  two  movements 
of  the  chronograph  (I),  by  means  of  the  time  triK^ing  written  by  chronoeniph  (2). 
From  thiSi  the  time  occupied  by  transraissioa  along  the  nerves  has  to  be  deducfced. 


f|Q«  IMU-Ths  nUemmk. 

and  the  remainder  is  the  r^nelion  tim«.     It  usually  varies  firona  0*16  to  0"2  secontK 
but  is  LDcreased  lit  :*— 

Th0  Uikfnmfu — The  primary  circtdt  is  urninged  as  before.     Lead  the  wires 

2  X 


690 


FUHCTLONS   OF   THE   SPINiX  COBD 


[CH.  XLVn, 


from  the  sccondflry  coil  to  the  middle  stTews  of  a  reveraor  without  cross  wires.  To 
earh  pair  of  end  screw s»  attach  a  pair  of  clec^trodcs  i?  and  E\  appUed  to  difFereut 
parts  of  D\  Ijody  (fig.  492),  Arrange  previously  that  D  is  to  open  B,  when  one 
part  is  Btimulated,  but  not  the  other,  C  adjusting  the  reverser  unknown  to  D. 
Under  these  circumstiinces  the  reaction  time  is  longer. 

The  reaction  time  in  reaponae  to  various  kind!>  of  stimuli,  sound,  light,  pain, 
etc,,  varies  a  good  deal;  the  condition  of  the  subject  of  the  experiment  is  also  an 
important  factor.  This,  however,  is  really  a  practical  branch  of  psychology,  and 
haa  recently  been  much  worked  at  by  students  of  that  science  (sec  also  p.  205), 


Spinal  Visceral  Beflexes, 

The  spinal  grey  matter  contains  centres  which  regulate  the 
operation  of  many  involuntary  muscles.  Some  of  these  centres  are  : — 

The  cilio-spmal  centre  controls  the  dilatation  of  the  pupil;  it  is 
situated  in  the  lower  cervical  region,  reaching  aa  far  down  aa  the 
origin  of  the  first  to  the  third  thoracic  nerve. 

Subsidiary  vaso*moior  centres.  The  principal  vaao-motor  centre 
is  situated  in  the  bulb,  and  subsidiary  centres  are  scattered  through 
the  spinal  grey  matter  (see  p.  298). 

The  same  is  probably  true  for  all  the  muscular  viscera,  but 
particular  study  has  been  directed  to  those  in  the  pelvis,  and  centres 
for  miciuritwn,  de/iMcation,  erection,  and  pariurUion  are  contained  in 
the  lurabo-sacral  region  of  the  cord.  If  the  spinal  cord  is  cut  through 
above  the  situation  of  these  centres,  the  result  is  in  general  terms 
that  any  influence  of  the  higher  (voluntary)  centres  over  these 
actions  is  no  longer  possible.  The  actions  in  question  are  then 
simply  reflex  ones  occurring  unconsciously  at  certain  intervals,  and 
set  in  movement  by  the  peripheral  stimnlus  (fulness  of  bladder,  or  of 
rectum,  etc.).  If  the  portion  of  the  cord  where  these  centres  are 
placed  is  entirely  destroyed,  the  result  is  paralysis  of  the  muscles 
concerned^  though  in  certain  cases^  e^^en  after  such  a  severe  injury, 
some  amotint  of  recovery  has  been  noticed,  which  must  be  attributed 
to  the  peripheral  ganglia  being  able  to  play  the  part  of  reflex  centres. 

The  viscera  are  supplied  not  only  by  efferent  (motor  and  inhibi- 
tory) nerves,  but  are  connected  to  the  central  nervous  system  by  certain 
afferent  channels,  namely,  (1)  the  vagus ;  (2)  the  spinal,  roots  from 
the  thoracic  and  first  two  lumbar  nerves ;  and  (3)  the  second,  tiiird, 
and  fourth  sacral  roots.  Under  normal  circumstanoeSi  the  afferent 
impulses  do  not  rise  into  consciousnesSj  and  even  on  injury  pain  ia 
often  absent,  In  disease  where  they  are  stirred  up  to  excessive 
action,  as  in  various  forms  of  colic,  the  pain,  however,  may  be  intensa 
A  good  deal  of  pain  is  usually  "  referred  "  to  skin  areas  which  are 
**  tender,"  and  Boss's  suggestion  that  the  pain  in  such  cases  is  referred 
to  parts  suppHed  by  sensory  cutaneous  fibres  ending  in  the  same 
segments  of  the  cord  aa  do  the  afferent  fibres  from  the  viscera  in 
question,  has  been  placed  beyond  doubt  by  Head's  researches, 
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Bladder  Reflexes. — The  spinal  repon  which  acts  as  the  micturition  centre  is 
Unit  with  which  the  first,  secoad,  and  third  hmbar,  and  the  second,  third,  and  fourth 
sacral  Ttjots  are  connected.  Trans i^erse  section  of  tlie  cord  about  the  level  of  the 
sixth  lumbar  segnient  (In  cat  and  rabbit)  causes  itnmcdiate  cscii|>e  of  urine  from  the 
bladder.  In  the  first  days  after  the  operation  the  bladder  can  only  l>e  emptied 
by  artifitlal  stimulation,  and  especially  easily  by  a  light  quick  pressure  on  Ihe  dis- 
tended bladder  tliroupjh  the  abdominai  ^^alls,'  ft  is  not  the  pressure  that  squeezes 
out  the  urine,  it  merely  sets  going  a  reflex  in  which  contraction  of  the  detrusor  aud 
relaxation  of  the  sphincter  constitute  the  final  stage,  LJiter  on  the  urine  is  voided 
'*  spontaneouHly  "  at  inlervala,  and  this  is  usuidJy  afeompanied  by  defsBcation, 

Goltx  and  Kwald  found  in  dogs  in  whieh  the  lower  part  of  the  cord  bad  been 
removed,  that  the  bladder  emptied  iti>elf  spontaneously  from  time  to  time  months 
later,  but  usually  it  had  to  lie  emptied  by  artificial  means.  In  man  retention  of 
urine  i^  usually  a  pcrn>.incnt  symptom  at\er  a  total  transTcrse  lesion  of  the  eord* 

Defeecatlon.— A  regular  expulsion  of  fsecal  matter  occurs  without  difficulty  in 
animals  after  transverse  section  of  the  cord  in  the  upper  lumt>ar  region.  The  tone  of 
the  external  sphincter  is  genemlly  restored  a  few  minutes  after  the  operation  ;  and 
in  GoltK  and  Ewald's  dogs  the  tonus  returned  even  when  the  lower  part  of  the  cord 
was  entirely  removed.  After  a  total  transverse  lesion  of  the  cord  in  man,  incontiD* 
cncc  of  faeces  is  usually  described,  but  this  is  not  the  case  in  monkeys*  Gowers 
describes  two  states  in  disease  whieh  can  be  distiiigui.shed  by  introdacirtf,'  the  finger 
into  the  rectum  :  (11  if  the  centre  is  inactive  a  momentary  contraction  eaused  by  local 
irritation  of  the  sphinctei  is  followed  by  permanent  relaxation;  (2)  relaxation  is 
followed  by  gentle  tonic  contraction :  in  such  cases  the  reflex  arc  h  intact 

Uterine  Refloi;efl,— Literine  contractions  can  be  induced  by  rectal  injections, 
the  passage  of  a  foreign  l>ody  into  the  uterus,  the  application  of  the  child  to  the 
breast,  and  by  other  means.  In  animals  faradisation  of  the  centml  end  of  the  first 
sacral  nerve  produces  the  same  result  The  contmctions  of  the  uterus  are  therefore 
retlex.  Several  cases  have  been  recorded  in  whieh  parturition  has  occurred  normally 
in  women  who  have  had  the  conl  divided  across  completely  in  tlie  thoracic  region ; 
it  is  thus  evident  the  centre  must  be  a  lumbar  one.  In  such  cases  the  uterine  con- 
tractions teehnicallv  called  *^ pains*'  are  strong,  but  pain  is,  of  course,  absent  The 
communicatjon  with  the  lum(w*r  region  appears  to  te  principally  by  the  first  three 
lumbar  nerves.  Similar  observations  have  been  made  experimentally  in  animals*  and 
in  one  of  Goltx  and  Ewald's  dogs  in  whieh  the  cord  had  been  removed  from  the  lower 
thoracic  region  downwards*  pregnancy  followed  coitus,  and  terminated  with  success- 
ful parturition.  The  mammary  giands  enlarge  as  usual  In  such  cases*  even  when,  as 
in  Koiith  s  well-known  case  (where  the  cord  was  completely  destroyed  at  the  seventh 
thoracic  segment),  there  can  be  no  spinal  communication  between  the  pelvis  and  the 
breast  (see  also  p.  476). 

Ejceetlon. — This  can  l>e  excited  in  man  even  immediately  after  a  transverse 
lesion  of  the  cord ;  so  also  can  ejaculation,  but  not  so  commonly.  The  evidence 
in  favour  of  such  acta  toeing  spinal  reflexes  is  very  complete  in  the  case  of  animals. 
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Thk  brain  ia  the  seat  of  those  psychical  or  mental  proeeasea  which 
are  called  volition  and  feeUng;  volition  is  the  starting-point  in  motor 
activity;  feeling  is  the  final  phase  of  sensory  impresaions. 

In  the  days  of  the  ancienta  very  curious  ideas  prevaUed  as  to 
the  use  of  the  brain.  It  is  true  that  Alkmaoo,  aa  early  as  580  B.C*, 
placed  the  seat  of  consciouanesB  in  the  brain,  but  this  view  was  of 
the  nature  of  a  guess,  and  did  not  meet  with  general  acceptance ; 
and  two  hundred  years  later  Aristotle  considered  that  the  principal 
use  of  the  brain  was  to  cool  the  hot  vapours  rising  from  the  heart 
At  this  time  the  seat  of  mental  processes,  especially  those  of  an 
emotional  kind,  was  supposed  to  be  in  the  heart,  an  idea  now  eon- 
fined  to  poets ;  or  in  the  bowels,  as  those  acquaijated  with  such  ancient 
writings  aa  the  Bible  wiU  know. 

As  time  went  on,  truer  notions  regarding  the  brain  came  to  the 
fore :  thus  Herophilus  (300  B-C.)  waa  aware  of  the  danger  attending 
injury  to  the  medulla ;  Aret£F:us  and  Caasius  (a.d,  97)  knew  that 
injury  to  one  aide  of  the  brain  produced  paralysis  of  the  opposite 
aide  of  the  body;  and  Galen  (iLD.  131 — 203)  was  acquainted  with  the 
main  motor  and  sensory  tracts  in  brain  and  corcL  Between  that 
time  and  this,  most  of  the  celebrated  anatomists  have  contributed 
something  to  our  knowledge,  and  one  may  particularly  mention 
Vesalius,  Sylvius,  Rolando,  Gall,  Cams,  Willis,  and  Burdach ;  many 
of  these  names  are  familiar  because  certain  structures  in  the  brain 
have  been  christened  after  them.  The  erroneous  notion  that  the 
brain  waa  not  excitable  by  stimuli  lasted  even  to  the  days  of 
Flourena  and  MagendiCw 


Effects  of  Removal  of  the  Cerebrum, 

When  the  brain  is  removed  in  a  frog^  it  is  deprived  of  volition 

&nd  of  feeling;  it  remaina  perfectly  quiescent  unless  stimulated;  it 

is  entirely  devoid  of  initiatory  power^  but,  as  we  have  already  seen, 

it  will  execute  reflex  actions,  many  of  which  are  of  a  complex  nature 

{see  p.  680  and  also  Chapter  L). 
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A  pigeon  treated  in  the  earae  way  remains  perfectly  motionless 
and  uncooscious  unless  it  is  disturbed  (see  fig,  493),  When  disturbed 
in  any  way  it  wiU  move;  for  instance,  when  thrown  into  the  air  it 
will  fly ;  but  these  movements  are*  as  in  the  frog,  purely  reflex  in 
character. 

In  mammals  the  operation  of  extirpation  of  the  brain  is  attended 
with  such  severe  haemorrhage  that  the  animal  dies  very  rapidly,  but 


ID  some  few  cases  where  the  animals  have  been  kept  alive,  the 
phenomena  they  exhibit  are  precisely  similar  to  those  shown  by  a 
frog  or  pigeon.  In  the  case  of  the  dog,  portions  of  the  cortex  have 
been  removed  piecemeal  by  Gk»ltz  of  Strasburg,  until  at  last  the  whole 
of  the  cortex  has  been  extirpated.  Sueh  animals  carry  out  co- 
ordinated movements  of  a  complicated  character  very  well,  but  they 
manifest  no  intelligence,  and  have  complete  lack  of  memory*  They 
are  in.  a  condition  analogous  to  that  of  the  frogs  and  pigeons  Just 
mentioned, 

LocaliBation  of  Cerebral  Functions, 

When  the  main  function  of  the  certibrum  was  understood,  physio- 
logists were  divided  into  two  schools;  those  who  thought  that  the 
brain  acted  as  a  whole,  and  those  who  thought  that  different  parts 
of  the  brain  had  different  functions  to  perform.  One  of  the  most 
prominent  of  the  first  school  was  Flourens;  and  Goltz,  whose 
work  has  been  done  chiefly  on  dof^s,  is  the  only  eminent  living 
aurvivor  of  this  set  of  physiologists.  Gradually,  as  better  methods 
have  come  in,  and  especially  since  monkeys  have  been  used  for 
experiment,  those  who  believe  ir  the  localisation  of  function  have 
multiplied ;  and  now,  localisation  of  cerebral  function  is  more  than 
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a  theory,  it  ia  an  accepted  fact  Perhaps  the  best  practical  evidence 
of  this  is  the  fact  that  experiments  on  monkeys  have  been  taken  as 
the  basis  for  aurgical  operations  on  the  human  brain,  and  with 
perfect  success. 

The  earliest  to  work  in  the  direction  of  localisation  were  Hitzig 
and  Fritsch,  The  Bubject  was  then  taken  up  by  Ferrier  and  Yeo, 
and  later  by  Schafer,  Horsley,  etc.,  in  this  country,  and  by  Munk 
and  many  others  in  Grermany*  In  addition  to  those  who  have  studied 
the  matter  from  the  experimental  standpoint,  must  also  be  reckoned 
the  pathologists,  who  in  the  post-morUm  room  have  examined  the 
brains  of  patients  dying  from  cerebral  disease^  and  carefully  com- 
pared the  position  of  the  disease  with  the  symptoms  exhibited  by  the 
patients  daring  life.  In  this  way  two  series  of  independent  investi- 
gations have  led  to  the  same  results ;  both  methods  are  essential,  as 
many  minor  details  discovered  by  the  one  method  correct  the 
erroneous  conclusions  which  are  apt  to  be  drawn  by  those  who  devote 
their  entire  attention  to  the  other. 

The  main  point  which  these  researches  have  brought  out  is  the 
overwhelming  importance  of  the  cortex;  it  contains  the  highest 
cerebral  centres.  Before  Hit^sig  began  his  work,  the  corpus  striatum 
was  regarded  as  the  great  motor  centre,  and  the  optic  thalamus  as 
the  chief  centre  of  senBation;  very  little  note  was  taken  of  the 
cortex ;  it  appears  to  have  been  almost  regarded  aa  a  land  of  orna- 
mental finish  to  the  brain.  The  idea  that  the  basal  ganglia  were  so 
important  arose  from  the  examination  of  the  brains  of  people  who 
had  died  from,  or  at  least  suffered  from,  cerebral  haemorrhage. 

The  most  common  situation  for  cerebral  hgemorrhage  is  either  in 
the  region  of  the  corpus  striatum  or  optic  thalamus ;  it  was  noticed 
that  motor  paralysis  was  the  most  marked  symptom  if  the  corpus 
striatum  was  injured,  and  sensory  paralysis  if  the  optic  thalamus 
was  injured.  The  paralysis,  however,  is  due,  not  to  injury  of  the 
basal  ganglia,  but  of  the  neighbouring  internal  capsule.  The  internal 
capsule  consists  in  front  of  the  motor  fibres  passing  down  from  the 
cortex  to  the  cord,  and  behind  of  the  sensory  tibres  passing  up  from 
cord  to  the  cortex  (see  p.  666).  Hence,  if  these  tibres  are  ploughed 
up  by  the  escaping  blood,  paralysis  naturally  is  the  result,  If  a 
haemorrhage  or  injury  is  so  limited  aa  to  afifect  the  basal  ganglia  only, 
and  not  the  fibres  that  pass  between  them,  the  resulting  paralysis  is 
slight  or  absent. 

The  question  will  next  be  asked :  What,  then,  is  the  function  of 
the  basal  ganglia  ?  They  are  what  we  may  term  subsidiary  centrea : 
the  corpus  striatum,  principally  in  connection  with  movement^  and 
the  optic  thalamus,  in  connection  with  sensation,  and  especially  with 
the  sense  of  vision  as  its  name  Indicates. 

A  subsidiary  centre  may  be  compared  to  a  subordinate  official  in 
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an  army.  The  principal  centre  may  be  compared  to  the  commander- 
in-chief.  This  highest  officer  gives  a  general  order  for  the  movement 
of  a  body  of  troops  in  a  certain  direction ;  we  may  compare  this  to 
the  principal  motor-centre  of  the  cortex  sending  out  an  impulse  for 
a  certain  movement  in  a  limb.  But  the  general  does  not  give  the 
order  himself  to  each  individual  soldier,  any  more  than  the  cerebral 
cortex  does  to  each  individual  muscle ;  bnt  the  order  is  first  given 
to  subordinate  officers,  who  arrange  exactly  how  the  movement  shall 
be  executed,  and  their  orders  are  in  the  end  distributed  to  the 
individual  men,  w^ho  must  move  in  harmony  w^ith  their  fellows  with 
regard  to  both  time  and  space.  So  the  subsidiary  nerve-centres  or 
positions  of  relay  enable  the  impulse  to  be  widely  distributed  by 
collaterals  to  numerous  muscles  which  contract  in  a  similar  orderly, 
harmonious,  and  co-ordinate  manner. 

There  is  just  the  same  sort  of  thing  in  the  reverse  direction  in 
the  matter  of  sensory  impulses*  Just  as  a  private  in  the  army, 
when  he  wiahes  to  communicate  with  the  general,  does  so  through 
one  or  several  subordinate  officers,  so  the  sensory  impulse  passes 
through  many  cell-stations  or  subsidiary  centres  on  the  way  to  the 
highest  centre,  where  the  mental  process  called  sensation,  that  is, 
the  appreciation  of  the  impulse,  takes  place* 

There  are  two  great  experimental  methods  used  for  determining 
the  function  of  any  part  of  the  cerebrunL  The  first  is  stimulation ; 
the  second  is  extirpation.  These  words  almost  explain  themselves; 
in  stimulcUiOTi  a  weak  interrupted  induction  current  is  applied  by 
means  of  electrodes  to  the  convolution  under  investigation,  and  the 
resulting  movement  of  the  muscles  of  the  body,  if  any  occurs,  is 
noticed*  In  extirpation  the  piece  of  brain  is  removed,  and  the  result- 
ing paralysis,  if  any,  is  observed* 

It  is  essential,  when  the  expenmenl  of  stimulating  the  cortex  of  the  bram  is 
being  perfonued,  tkat  the  animal  should  be  anaesthetised  atid  Absottiteiy  uncon- 
scioufi,  otherwise  vohmtary  or  reflex  actions  witl  occur  which  mask  those  protluced 
by  stinmlation.  If,  however,  the  animal  is  tc>o  deeply  under  the  influence  of  a 
narcotic  Uie  brain  is  inexcJ table. 

On  p,  S78  Ehrlich*s  experiments  with  methylene  blue  are  described.  In  an 
an^sthetised  animal  the  brain  is  inactive*  and  it  tlie  pigment  is  injected  into  the 
blood,  the  brain  is  seen  to  be  of  a  bhie  colour.  If,  however,  a  spcjt  of  the  cerebral 
surface  is  stimulated,  that  part  of  the  brain  is  thrown  into  action,  oxygen  is  u^ed 
up,  and  the  metliylene  blue  U  reduced «  and  in  consequence  that  area  of  the  bratn 
loses  its  blue  tint  If  the  animai  is  so  deeply  narcotised  that  the  brain  does  not 
discharge  an  impulse,  the  part  stimulated  remains  blue. 

By  such  means  the  cortex  haa  been  mapped  out  into  what  we 
may  provisionally  term  motor  areas  and  sensory  areas* 

Motor  areas. — These  areas  are  also  termed  sensori-motor  or 
kiriccsthdic^  for  reasons  which  will  be  explained  more  fully  later. 
The  name  Molandic  arm  which  they  have  also  received  is  derived 
from  their  anatomical  position. 
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Stimulation  of  them  produces  movement  of  some  part  of  the 
opposite  side  of  the  body;  excitation  of  the  same  spot  is  always 
followed  by  the  same  movement  in  the  same  animal  In  different 
aniioala  excitation  of  anatomically  corresponding  spots  produces 
similar  or  corresponding  reaulta.  It  ie  tluB  which  has  enabled  on© 
to  apply  the  restilts  of  stimulating  areas  of  the  monkey's  brain  to 
the  elucidation  of  the  function  of  the  similar  brain  of  man. 

If  the  stimulation  used  is  too  powerful  the  result  is  a  movement 
of  other  parts,  ami  a  considerable  portion  of  the  body  may  be  thrown 
into  convulsive  movements  similar  to  those  seen  in  epilepsy. 

Extirpation,  or  removal^  of  these  areas  produces  paralysis  of  the 
same  muscles  which  are  thrown  into  action  by  stimulation. 

The  degeneration  tracts  after  destruction  of  the  Rolandic  area 
are  shown  in  fig,  494.     The  shaded  area  in  each  case  represents  the 
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injured  or  degenerated  material;  A  in  the  cortex,  b  in  the  anterior 
part  of  the  posterior  limb  of  the  internal  capsule,  c  in  the  middle 
of  the  crusta  of  cms  and  mid-brain,  d  in  the  pyramidal  bundles 
of  the  pons,  b  in  the  pyramid  of  the  bulb^  and  j  in  the  crossed 
and  direct  pyramidal  tracts  of  the  cord. 

Seaeory  areae. —  SHmtdatimi  of  these  produces  no  direct  move- 
ments, but  doubtless  sets  np  a  sensation  called  a  subjectim  sensation ; 
that  is,  one  produced  in  the  animal's  own  brain,  and  this  indirectly 
leads  to  movements  which  arc  reflex;  thus  on  stimulating  the 
auditory  area  there  is  a  pricking  up  of  the  ears ;  on  stimulating  the 
visual  area  there  is  a  turning  of  the  head  and  eyes  in  the  direction 
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of  the  suppof^ed  visual  impulsa    That  such  movements  are  reflect 

and  not  direct  is  shown  by  the  long  period  of  delay  intervening 
between  the  stixiiulation  and  the  movement 

Mxtirpaiion  of  a  sensory  area  leads  to  loss  of  the  sense  in  question, 
Tlie  rougher  exjierimenta  performed  by  nature  in  the  shape  of 
diseases  of  the  brain  produce  corresponding  results- 
Some  diseases  are  of  the  nati^re  of  extirpation. 
An  instance  of  this  is  cerebral  hiemorrhage.     If  the  hiemorrhage 
is  in  the  region  of  the  internal  capsule,  it  cuts  through  fibres  to  the 
muscles  of  the  whole  of  the  opposite  side  of  the  body,  as  they  are 
all   collected    together   in   a   narrow   compass,   and    the   condition 
obtained   is  called    hemiplegia.     The   varieties  of    hemiplegia  are 
numerous,  according  as  motor  or  sensory  fibres  are  most  affected, 
and  in  one  variety  of  hemiplegia,  called  erossed  h^mplegia^  the  face 
is  paralysed  on  one  side  of  the  body,  the  limbs  on  the  other ;  this 
is  due  to  injury  of  the  tracts  in  the  bulb,  above  the  crossing  of  the 
pyramids. 

If  now  the  hmmorrhage  occurs  on  the  surface  of  the  brain,  a  much 
more  limited  paralysis,  called  monopi64/ia,  is  the  result;  if  the  arm  area 
is  affected,  tliere  wdl  be  paralysis  uf  the  opposite  arm ;  if  the  leg 
area,  of  the  opposite  leg ;  if  a  sensory  area,  there  will  be  loss  of  the 
corresponding  sensa 

Some  diseases,  on  the  other  hand,  act  as  the  induction  currents 
do  in  artificial  stimulation;  they  irritate  the  surface  of  the  brain; 
such  a  disease  is  a  tumour  growing  in  the  membranes  of  the  brain ; 
if  the  tumour  irritates  a  piece  of  the  motor  area,  there  will  be 
involuntary  movements  in  the  corresponding  region  of  the  body ; 
these  movements  may  culminate  in  the  production  of  epdeptiform 
convulsions  commencing  in  the  arm^  leg,  or  other  part  of  the  body 
which  corresponds  to  the  brain  area  irritated.  It  is  these  cases  of 
"  JacicBonian  £pilq}.fy'*  which  have  given  the  best  results  in  surgery; 
the  movement  produced  m  an  indication  of  the  area  of  the  brain 
which  is  being  irritated,  and  the  surgeon  after  trephining  is  able  to 
remove  the  source  of  the  mischief.  If  the  area  of  the  brain  which 
is  irritated  is  a  sensory  area,  the  result  produced  is  a  subjective 
sensation,  similar  to  what  we  imagine  is  produced  in  animals  with 
an  electric  current 

We  may  now  proceed  from  these  general  considerations  to 
particular  points,  and  give  maps  of  the  brain  to  show  the  areas  we 
have  been  speaking  of. 

Figs.  495  and  496  arc  views  of  the  dog's  brain.  It  is  convenient 
to  take  this  first  because  it  was  the  starting*point  of  the  experimental 
w^ork  on  the  subject  in  the  hands  of  Hitzig  and  Fritsch,  If  the  text 
beneath  the  tigure  is  consulted,  it  wiil  be  seen  that  the  motor  areas^ 
mapped  out   by  the  method   of  stimulation,  are  situated  in   the 
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number  of  circles,  stimulation  of  each  of  which  produced  movements 
of  various  sets  of  muscleBj  face,  arm,  and  leg  from  below  upwards ; 
extirpation  of  these  same  areas  produced  the  corresponding  paraljsis. 
It  will  be  further  noticed 
that  these  areas  are  all 
grouped  arotind  the  fisBure 
of  Eolando,  particularly 
in  the  ascending  frontal 
and  ascending  parietal  con- 
volutions ;  hence  the  tern] 
Eolandw  area  which  is 
often  applied  to  this 
region  of  the  brain. 

Most  of  our  know- 
ledge concerning  the  locali- 
sation of  the  sensori-motor 
area  in  the  human  brain 
has  been  deduced  from  ex- 
periments on  the  lower  monkeys.  Valuable  as  such  knowledge  is, 
intiaitelj  more  useful  knowledge,  from  the  standpoint  of  the  human 
brain,  would  be  obtained  by  examining  the  brains  of  those 
monkeys  nearest  to  man,  which  are  known  as  the  anthropoid  apes. 
The  difficulty  and  expense  of  obtaining  such  animals  has  hitherto 
deterred  investigators  from  perforniing  such  experiments,  Horsley 
and  Beevor  examined  the  brain  of  an  orang-ootang  some  years 
ago,  and  flow  Sherrington  and  Grfinbaum  have  made  a  number 
of  experiments;  several  apecimens  of  two  species  of  chimpanme, 
the  orang  and  the  gorilla,  have  been  examined.  Their  conclusions 
are  of  great  importance.  The  figure  on  p.  700  (fig.  498)  of  the 
chimpanzee's  brain  shows  what  has  been  found ;  the  orang  and  the 
gorilla  gave  practically  the  same  results,  and  no  doubt  the  human 
brain  would  give  identical  results  also  if  it  could  be  examined. 

The  method  used  is  to  expose  the  brain  in  an  aniesthetised  animal, 
and  thoroughly  explore  it  with  a  weak  faradic  currant,  one  electrode 
being  placed  on  the  brain,  and  the  other  attached  to  an  indifferent 
part  of  the  animars  body.  This  allows  of  finer  localisation  than  is 
possible  with  the  ordinary  double-point  electrodea 

The  so-called  "motor"  area  includes  continuously  the  whole 
length  of  the  ascending  frontal,  or  as  it  is  sometimes  oaUed,  the  pre- 
central  convolution.  It  never  extends  behind  the  central  sulcus,  or, 
as  it  is  sometimes  called,  the  fissure  of  Boiando.  On  the  mesial 
surface  it  extends  but  a  short  distance,  and  never  as  far  as  the 
calloso-marginal  fissure.  The  motor  area  extends  also  into  the  depth 
of  the  Bolandic  and  other  fissures;  the  part  of  the  excitable  area 
thus  hidden  equals  or  may  even  exceed  that  on  the  free  surface  of 
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fehe  hetnisphera     The  arrangement  of  the  various  regions  of  the 

musculature  follow  the  segmental  sequence  of  the  cranio-spinal  series 
to  a  remarkable  extent ;  in  fact^  the  excitable  area  may  be  compared 
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preoflDlnl  anlcu^.    (After  Sherrington  and  QrimhAam*) 


to  the  spinal  cord  upside  dowit     Tlie  accompanying  figure  indicatea 
this  better  than  any  verbal  description. 

The  sulci  in  the  region  of  the  cortex  dealt  with  Dannot  be  con- 
sidered to  act  as  physiological  boundaries,  and  the  variations  in  the 
sulci  in  these  higher  brains  are  bo  ^reat  that  they  prove  to  be  pro- 
carious  or  even  fallacious  landmarks  to  the  details  of  the  true 
topography  of  the  cortex* 
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It  cannot  fail  to  strike  even  a  auperficiai  observer  how  large 
the  cortical  area  ie  that  deals  with  rQo\'ein6ntB  of  the  head  and  arm 
regions  when  compared  with  that  of  the  lower  limb,  and  Btill  more 
with  that  of  the  trunk.  The  trunk  itself  has  a  larger  mass  of 
muscular  tissue,  but  it  is  in  the  head  region  (wliich  includes  the 
complex  movements  of  the  tongue  and  such  atructurea  as  the  vocal 
cords)  and  in  the  arm  and  hand  that  the  movements  are  most  varied 
and  most  delicate.  No  doubt  this  is  the  explanation  of  the  greater 
size  of  their  cortical  representation. 

The  experiraents  of  extirpation  confirm  those  of  stimulation ;  for 
example,  extirpation  of  the  hand  area  is  followed  bj  severe  paralysis 
of  the  hand,  but  in  a  few  weeks  use  and  power  return  in  a  remarkable 


Z« 


Arm  ' 


Fa^e 


Firt.  499.^Dii^tmdi  to  ihow  thu  nlitJve  paaltkMQi  of  thfl  Hvetml  motor  tnicU  lb  their  conrM  fjt>tn  thft 
eoTtex  lo  the  cniA.  Tha  secUon  Ibroujfh  tbd  convolutfobi  L»  veitlaiJ:  thitt  thmagli  lti«  tnteTtiml 
upg^ulf!^.  Ip  C,  baiiicontal^  %b^%  %hmash  ibt  Gium  «lto  borlecxitAL  €.N««  uimrliiLe  imdpuji:  O.TH., 
tjpxic  thBlamuj  ;  L2  au^)  L3«  mlddli  nod  oaler  part  at  IflOtlcDtiLr  bud«UA;  /,  a,  (,  fjkc««  arm,  Aiid  tog 
aores.  The  word*  [a  Italics  IndicAl*  connpoiultng  ooftlcfti  oenEreft;  ¥,^.^  Qastira  of  ilylvlui, 
(Gowan.) 


On  the  other  hand,  ablations  of  even  larger  portions  of  the 
parts  behind  the  Eolandie  lissure  do  not  give  rise  to  even  transient 
paralysis,  and  do  not  lead  to  degeneration  in  the  pyramidal  system 
of  fibres, 

Sherrington  and  Griinbaum  also  foimd  that  the  part  of  the  frontal 
region  which  yields  conjugate  movements  of  the  eyeballs  is  separated 
from  the  Rolandic  area  by  a  field  of  "  inexcilable  **  cortex.  As  to  the 
occipital  lobe,  only  from  its  extreme  posterior  apex  did  faradisatiijn 
yield  any  movement  of  the  eyes,  and  then  not  easily.  TIub  becooiai 
intelligible  on  histological  examination;  the  large  cells  in  the 
deeper  layer  of  the  grey  matter  are  so  scattered  that  they  are  cUlnd 
"  solitary  cells  " ;  their  axons  pass  to  the  oculo-motor  nuclei^  §ad  M 


702 


FUNCTIONS   OP  THE   CKRttBECJM 


[CH,  XLVIIL 


the  pathway  is  provided  for  the  moTements  of  the  eyes  in  oGcordance 
with  tlie  necesaities  of  vision. 

The  mar^nnl  convolution  on  the  mesial  surface  of  the  hemisphere  was  first 
investigakd  by  Schiifcr  and  Horsley,  in  the  Uiwer  juonkeys.  They  found  in  these 
animals  thul  it  eonbimed  a  consldemhle  extension  of  the  '•  motor  ""  area,  including 
the  cortical  centres  for  the  trunk  musc"k'?i.  This,  at  any  rate,  is  not  the  case  for  the 
higher  a|>es«  and  therefore  pruba-bly  is  not  Irue  for  man. 

In  experiments  on  unilateral  extirpation  in  animals,  and  in 
destructive  leaions  of  one  eido  of  the  brain  in  man,  it  ia  the  muscles 
which  act  normally  unilaterally  which  are  most  paralysed.  The 
muscles  which  normally  move  bilaterally,  e.g,,  the  chest  muscles  in 
breathings  the  trunk  muscles  in  maintaining  an  erect  poaition,  are 
comparatively  little  affected ;  the  spinal  oontres  of  such  muscles  are  no 
doubt  connected  by  commissural  fibres,  and  therefore  can  be  affected 
from  both  aides  of  the  brain. 

The  diagram,  Fig,  499^  is  an  instructive  one  indicating  the  relative 
positions  of  the  priucipal  motor  fibres  in  their  course  from  cortex 
to  the  cms.     The  letterpress  beneath  it  should  be  carefully  consulted. 

The  Speech  Centre. — Fig.  500  is  an  outline  map  of  the  left 
cerebral  hemisphere  in  man.     The  speech  centre  is  surrounded  by 


m 


^^ 


-VISUO' PSYCHIC    5PHIRE 
-VISUO-SENSOI^Y    SPHCRE 


Flo.  £00^ — Left  cerebrnl  bemlaphem,  outer  sarfftCd.    The  lobos  and  the  prlnGtp&l  aalol  uv  Indicated  tojr 
ihielr  Initio  lutttira;  K.KM.^  anterior  c«fibrti  for  e^yts  moveuieiibE ;  U.C.,  llTooa^fl  coavoiutiun. 


a  dotted  circle.  There  are  other  centres  concerned  in  speech,  as 
we  shall  see  when  considering  the  question  of  association  fibres; 
but  this  is  the  centre  for  the  muscular  actions  concerned  in  speech. 
The  discovery  of  this  centre  was  the  earUest  feat  in  the  direction 
of  cerebral  localisation.  It  was  discovered  by  a  French  physician 
named  Broca ;  he  noticed  that  patients  wlio  died  after  hemorrhage 
in  the  brain,  but  who  previous  to  death  ejchibited  a  curious  disorder 
of  speech  called  aphasia^  were  found,  after  death,  to  have  the  seat  of 
the  haemorrhage  in  this  convolution.  The  convolution  is  generally 
called  Brom's  eonvolutwn.    Experiments  on  animals  are  useleBS  in 
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discovering  the  centre  for  speech,  Sherrington  and  Grunbaum  found 
in  the  higher  apes  that  faradisation  of  the  Broca  area  does  not  evoke 
vocalisation* 

The  moBt  curious  fact  about  the  speech-centre  is  that  it  is  uni- 
lateral ;  it  is  situated  ouly  on  the  left  side  of  the  brain,  except  in 
left-handed  people,  where  it  is  on  the  right.  We  are  thus  leffc- 
braiued  so  far  as  the  finer  movements  of  the  hand -muscles  are  con- 
cerned, as  in  writing,  and  we  are  also  left-brained  in  regard  to  speech, 
an  action  intimately  associated  with  writing. 

The  visual  area  is  in  the  occipital  lobe.  Kemoval  of  one  occipi- 
tal  lobe  in  a  monkey,  or  disease  of  that  lobe  in  man,  produces  blind- 
ness of  the  same  side  of  each  retina,  or  inabiUty  to  see  the  opposite 
half  of  the  visual  field,  TMa  is  called  hemianopsia;  the  head  and 
eyes  are  turned  to  one  aide  {conjugate  dmnation  to  the  side  of  the 
injury).  Such  an  operation  does  not  destroy  vision  in  the  central 
portion  (maciUa  ttdm)  of  either  retina,  because  each  macula  sends 
impulses  to  both  sides  of  the  brain.  Stimulation  of  one  visual  area 
leads  to  a  subjective  sensation  apparently  coming  from  the  same 
halves  of  both  retinse,  and  also  excites  the  solitary  cells  (see  p.  701); 
this  produces  c&njtigats  dmnaiitm  of  hmd  and  eyes  towards  the 
opposite  aide  to  that  stimulated. 

The  optic  radiations  consist  of  (1)  sensory  fibres  from  the  optic  tracts^?  the 
external  geniculate  bodies ;  (2)  efferent  tibres  to  the  centres  for  eye-moiremeDts  i  and 
(3)  association  fibres  which  are  last  developed.  The  last  named  link  one  convolu- 
tion to  others,  and  the  two  hemispheres  together,  and  bring  about  association  of 
ideas  of  vision  in  both  hemispheres,  and  with  other  sensations*  A  large  collection 
of  such  fibres  runs  horizontally  throug^h  the  grey  matter.  This  white  stnpe  is  visible 
t0  the  naked  eye ;  it  is  the  an,'itomieal  inark  of  the  cinuo^i^nsoi'^  cort^n,  and  is  called 
the  lint  of  Otnnari.  The  growth  of  the  great  parietal  association  centre  pushes  the 
visuo-sensory  area  in  man  mainly  on  to  the  mesial  surface  of  the  hemisphere  (see 
ar^  4  in  figs.  50G»  507.  Th^  visuo*psychie  region  (fig.  500)  has  no  line  of  Gennari, 
but  possesses  many  pyramidal  cells  in  its  outer  layers*  which  play  the  part  of 
as^cM-iJition  units  where  memory  pictures  are  stored  and  visual  sensations  corre- 
lated with  those  from  other  sense-organs  ;  the  higher  one  uscend^s  the  animal  scaJe, 
the  greater  becomes  the  depth  of  this  layer.  The  eye  centre  in  the  frontal  lobe  Is 
separated,  as  in  the  higher  apes,  by  inexcitable  grey  matter  from  the  rest  of  the 
sen sori- motor  area.  In  the  lower  monkeys  the  anterior  eye  centre  \s  not  insulati^ 
in  this  way.  No  cortical  centre  is  purely  motor  or  purely  sensory,  and  this  one, 
though  usually  called  motor,  has  its  sensory  complement  probably  from  the  eyeballs 
and  eyelids  (5th  nerve).  The  newly  developed  grey  matter  hietween  it  and  the 
Rolnndic  region  is  an  area  probably  concerned  in  the  association  of  eye  movements 
with  equilibration  and  the  maintenance  of  the  erect  position ;  we  know  that  the 
fibres  from  the  frontal  lol>e  to  the  cerebellum  are  very  numerous, 

Th©  auditory  area  is  in  the  posterior  part  of  the  upper  temporal 
convolution,  and  ia  connected  to  the  \isual  bj  armectent  gjri.  Taate 
and  smell  are  cloaelj  connected ;  their  cerebral  area  le  in  the  uncinate 
convolution  and  tip  of  the  temporal  lobe.  This  part  is  enlarged  in 
animals  with  a  keen  sense  of  smell 

Munk's  view,  supported  m  this  country  hj  Baatian,  Mott,  and 
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numerous  others,  ia  that  the  aensory  fibres  from  the  skin  and 
muaclea  terminate  in  the  Rolandic  area;  and  the  hiBtological 
researches  of  Gotgi  and  Eamon  y  Cajal  (see  figs.  479  and  482)  point 
to  the  same  conciuaion.  This  is,  in  fact,  what  one  would  expect; 
volition  and  feeling  are  associated  together  so  closely  physiologically, 
that  anatomically  we  should  expect  to  find  the  commencement  of  the 
volitional  fibres  contiguous  to  the  terminations  of  the  sensory  fibres. 
That  this  is  really  the  case  has  been  shown  by  a  careful  examination 
of  the  sensation  in  animals  in  which  the  Rolandic  area  has  been 
removed,  and  in  eases  of  hemiplegia  in  man,  A  deUcate  teat  is  to 
place  a  clip  on  the  fingers  or  toes,  taking  care  the  animal  does  not 
see  the  clip  put  on.  If  there  is  loss  of  tactUe  sensibility  the  monkey 
either  takes  no  notice  at  all  of  the  clip  or  removes  it  after  a  long 
delay.  Whereas  if  sensation  is  perfect  the  monkey  at  once  seizes  the 
clip  and  flings  it  away.  It  is  found  that  the  intensity  of  both  the 
motor  and  sensory  paralysis  are  directly  proportional  to  each  other 
Hence  the  term  motor  area,  which  we  have  been  provisionally 
employing  for  the  Rolandic  area,  should  be  replaced  by  the  more 
correct  term  sensoid-motor  or  kin^esthetic  area.  These  new  terms 
indicate  that  what  really  occurs  in  the  Rolandic  area  is  a  sense  of 
movement,  and  this  acts  as  a  stimulus  vui  the  pyramidal  tracts  to  the 
true  motor  centres  which  are  in  the  opposite  anterior  horn  of  the 
spinal  cord.  If  the  posterior  roots  of  the  spinal  nerves  are  divided 
there  ia  a  loss  of  sensation,  and  bo  the  sense  of  movement  cannot 
reach  the  brain  from  the  muscles,  and  consequently  the  muscles  are 
not  called  into  action ;  when  all  the  posterior  roots  coming  from  a 
limb  in  a  monkey  are  cut,  the  muscles,  so  far  as  voluntary  move- 
ments are  concerned,  are  in  fact  as  effectually  paralysed  as  if  the 
anterior  roots  of  the  spinal  nerves  had  been  cut.  The  muscles, 
however,  do  not  degenerate  as  they  would  if  the  anterior  roots  had 
been  cut.  They  merely  undergo  a  small  amount  of  wasting  due  to 
want  of  use  ("  disuse  atrophy  "). 

Prof,  Scbafer  is  one  prominent  worker  who  has  not  accepted 
Munk  8  views  on  this  subject  He  still  regards  the  Rolandic  area  as 
essentially  motor  in  function.  Naturally,  he  does  not  deny  that  it 
has  connections  with  sensory  fibres,  but  he  considers  it  incorrect  to 
speak  of  the  area  as  a  sensory  one.  He  has  produced  injuries  of  the 
area  without  obtaining  any  loss  of  sensation,  and  in  testing  the 
sensations  of  his  monkeys  employs  the  method  of  stroking  the  skin, 
which  he  regards  as  more  trustworthy  than  Schiffa  clip  test.  The 
sensory  disturbances  observed  by  others  he  regards  as  due  to  general 
disturbance  of  the  brain  produced  by  the  severity  of  the  operation. 

On  referring  once  more  to  the  maps  of  the  brain,  it  will  be  seen 
that  there  are  many  blanks ;  one  of  these  Is  in  the  anterior  part  of 
the  frontal  region.     Extirpation  or  stimulation  of  this  part  of  the 
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brain  in  animala  produces  but  Httle  results  The  large  size  of  this 
portion  of  the  brain  is  very  distinctive  of  the  human  brain,  and  it 
has  therefore  been  supposed  that  her©  ia  the  seat  of  the  higher  intel- 
lectual faculties.  Such  a  question  is  obviously  very  diflficult  to 
answer  by  experiments  on  animals.  Both  experimental  physiology 
and  pathology  have  localised  the  sensory  areas  (and  sensations  are 
the  materials  for  intellect)  either  within  or  behind  the  Rolandic  area^ 
hut  this  does  not  necessanly  mean  that  the  frontal  convolutions  have 
nothing  to  do  with  intellectual  functions.  The  celebrated  American 
crowbar  accident  is  generally  quoted  as  a  proof  to  the  contrary; 
owing  to  the  premature  explosion  of  a  charge  of  dynamite  in  one  of 
the  American  mines  a  crowbar  was  sent  through  the  frontal  region  of 
the  foreman's  head,  removing  the  anterior  part  of  his  brain.  He  is 
usually  stated  to  have  subsequently  returned  to  his  work,  without 
any  noteworthy  symptoms.  Recent  examination  of  the  records  of 
the  case  has  shown  that  this  is  not  correct ;  when  he  returned  to 
work  he  was  practically  useless,  having  lost  just  those  higher 
functions  which  are  so  important  in  the  superintendence  of  other 
people.  Mott's  observations  on  lunatics  show  that  this  region  is 
important  for  intellectual  operations,  though  not  so  important  as  the 
parietal  association  area  behind  the  Rolandic  area ;  the  greater  the 
intellectual  development,  the  larger  and  more  convoluted  does  tins 
parietal  region  become. 

The  association  tibres  have  been  the  subject  of  special  study  by 
Flechsig,  who  has  shown  that  in  the  development  of  the  brain  these 
are  the  last  to  become  myelinated;  white  fibres  do  not  become  fully 
functional  until  they  receive  their  medullary  sheath.  This  coLucideB 
with  the  well-known  fact  that  association  of  ideas  ia  the  last  phase  in 
the  psychical  development  of  the  child.  It  has  been  shown  that  the 
frontal  convolutions  are  connected  by  important  association  tracts 
with  the  more  posterior  regions  of  the  brain,  and  that  there  is  there- 
fore no  difficulty  in  understanding  that  the  frontal  convolutions  play 
the  part  of  a  centre  for  the  association  of  ideas,  or  in  other  words  for 
intellectual  operations. 


li*unctlon  and  MyeUnatloti, 

Flechslg^s  cmbryological  method  has  given  us  most  valuable  koowledge  of  the 
Mtructure  and  functions  of  the  human  brain.  The  nietliod  depends  on  Ihe  fact  that 
various  tracts  of  fibres  become  myelinated  ^  f.*'.#  acquire  their  medullars  sheath  at 
successive  i>eriods  of  time  in  development  The  myelin  sheath  appears  three  or  four 
months  after  the  axis  cylinder  is  formed*  The  AVeigert  metliml  of  stainiag  renders 
the  detection  of  a  medullary  sheath  an  easy  task,  FlecMig's  metho<i  m  in  short  the 
romplement  of  the  Wallerian  method.  In  the  former  method  the  tracts  are  isolated 
bv  tne  differences  in  the  origin  of  the  myelin  sheath  ;  m  the  latter  method » the  same 
objet't  is  obtained  by  observing  the  degeneration  which  is  mo^t  noticeable  in  the 
same  sheath. 

In  the  central  nervous  system,  the  aftcrent  projection  fibres  are  myelin atetl  first ; 
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the  afferent  projectioii  fibres  (itid  the  nsBocmtion  fibres  are  rtiyelliiAted  kter.  Tbui 
in  the  hurniui  fa^lus  the  pchpheny  nerves  and  nerve-fpots  b*xome  in^eliD&ted  in  thfc 
filHl  tuontl)  of  intni-ut^riiie  life ;  of  tlie  tr&cta  in  the  c^^rd^  those  of  Burducb  and  G^ 
Imso^matts  tibr^  spnDgiiiR  from  the  ceLb  of  the  Mpinal  g&ngliA]  urc  the  iiisX  to  be 
lu^relmmted ;  oext  come  the  traciA  at  Flechsig  (dois&l  cerebellar)  &ml  of  Govm 


PA.C, 


*V^. 


FAC." 


o.c- 


OM.Hr' 


R^x, 


...s,c. 


Fm^  •OL^-Olagnm  of  v«rtl4»l  ■ftotlon  thn>qgh  bfftin  of  otir-boiQ  GMd,  dnw  ftmn  no*  of  _  „ 
piMitciigraptifl.  Tb«  soeyoti  wu  tro&teil  bir  WAigeri'i  mflthod,  by  which  ixiy«lliu«si]  JthtM  «ra 
sUtnetd.  Mtftntlofi  te  dimwii  to  tb6  (loop  shi^lliig  lndlc«tfiig  myaltnAtlao  ifnuiid  tha  osntnil  fit*tim 
wbJch  oorre«patirdii  to  tlu  niiHTt-inolior  «reA,  Aod  ftlao  ft|i^iii]  tlie  c&IchHua  Assura  to  ttit  Hitial 
ftpben,  Tbfi  uaoelstioQ  abr««  «»  tiot  my^LLnatail,  Thn  Ubres  of  tliv  pyrmmidal  BflSbniai  Mftuaa 
havi  ftJw)  no  mrelin.    M.O,,  mAJallm  obtongftt*;  P,V,,  iwna  Vijiolli;  OM.N.t  ocn3o-motor  irtrpf : 

Jtwrn,  or  Qhum  of  Bol«iKla ;  P,A,a,  pcM|«rior  aflaoDtntlaa  dbdIa;  V.a,  rlaoil  «phsi«;  C»*«n^ 
beUam  ^  &C.|  iplnil  Qord, 

tventral  cerebelkr}  i  these  are  endoffmotu  fibres  spnngini^  from  cells  within  the  cofd 
AH  these  tructs  arc  alF^rent  Tie  pyramidal  tracb.  the  great  efferent  or  moior 
channels,  are  not  myehnatcd  until  after  birtli*  The  whole  afferent  tract  ts  mye-lm«t«d 
at  birth ;  th<^e  fibri."S  have  m  utt^ro  been  exercised  in  conveyning  trnprcssiona  to  the 
aflferenl  reception  centres,  the  stimuli  arising  from  contact  ot  the  foE^tal  intc^umenU 

with  the  materaal  tissues.     Thete 
C.K  Is  also  early  myeUnation  fttmiiid 

the  calcarine  fissure  in  the  visual 
sphere,  and  in  connct^tioo  with 
the  areas  rdated  to  other  spodal 
senses.  This  is  shown  in  5gs.  50L 
and  ^02,  where  the  condition  at 
birth  and  that  iome  months  later 
are  compared. 

Flechsig  considers  that  at 
least  two-thirds  of  the  cortex  oaa- 
sists  of  neurons  of  assodalion, 
and  further  that  these  assodaHfjn 
centres  po&se&s  no  neurons  of  the 
efferent  or  affct«it  projectioii 
systems*  The  last  part  of  this 
Gtatement  is  probably  not  cor- 
nx!t,  and  has  not  been  accepted 
in  its  entirety  by  the  majority  of 
neurologists. 

Ambronn  and  Held  confinn 
Flechsig  in  finding  that  the  affer^ 
cttt  fibres  are  myelinated  before  the  efferent,  in  tlie  cenlral  nervous  system,  but  in 
the  case  of  the  nervc-roots  this  is  leversed,  the  anterior  root  fibtes  being  myelinated 
before  the  posterior. 

Held  has  also  demonstmted  the  Important  influence  of  Btimulus  on  myclinatfon. 


-v.s 
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Fio,  S02.— IHftgnun  of  vtrtfcil  sesetloti  of  the  t*r*lo  of  i  cUlM 
Q  montha  of  a^^  Tht  greatsf  ]ukrt  of  the  white  tn&tter 
m-iw  ahovra  riijftlliiAtloU],  iliuit  luUli'fttlng  dnvelQiintent  of 
thu  asaociatUjD  t^pntrpja,  Thu  lettora  hiV6  tlie  siime 
TBeftning  aa  In  H^.  &tH.  (AJlcr  FIflchitlff;  WalK»rt 
mqtbcMl  of  HUlnlniii:.) 
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His  experiments  were  made  on  cats,  dogfl,  tmd.  rabbits,  wbich  are  bora  blind.  If 
lig^t  is  admitted  to  one  eye  by  opening  the  lid,  more  obvious  myelination  is  subse- 
guently  found  in  the  corr^ponding  optic  nerve  than  in  that  of  the  opposite  side^ 
This  is  not  due  to  the  inritatjon  cikused  by  forcibly  opening  the  lid,  for  if  the  lid  be 
opened  and  the  iinima]  kept  in  the  dark,  no  difterence  in  the  myelii^iition  of  the  two 
optic  nerves  is  observable.  Klechsig  also  showed  that  a  child  bom  at  8  months  had 
more  marked  myelinaHon  of  its  optic  nerves,  a  month  later,  than  a  child  bom  in  the 
usual  way  at  the  ninth  month. 

The  richness  of  the  brain  in  myelinated  fibres  increases  for  many  years  after 
birth  with  the  progress  of  intellectual  development  Kaes  states  this  continues 
up  to  forty  years  of  age,  and  that  in  old  age  the  number  diminishes*  Myelin 
appears  to  be  necessary  for  the  fimctional  activity  of  nerve  tracts,  and  its 
development  progresses  pari  pa^su  witli  development  of  function ;  the  reverse 
change  (atrophy  and  degeneration]  correspondingly  accompanies  marked  disturb- 
ances (rf  Unction. 


Assoolation  Fibres  and  Association  Oentres* 

We  know  by  common  experience  that  any  group  of  musdes  can  be  voluntarily 
contracted  in  reply  to  any  form  of  stimulus,  cutaneous,  visual,  auditory,  etc  If, 
for  instance,  the  wrist  is  flexed  in  responjse  to  an  auditory  stimulus,  the  nerve 
impulses  pass  first  to  the  auditory  area,  then  by  certain  fibres  to  the  oercbnil  cells 
wmch  control  the  muscles  of  the  arm.  The  fibres  which  connect  the  two  areas  are 
termed  fiuoriatifm  fbrtt^,      A  diagrammatic    view    of  the   principal   bundles    of 


T?:£ 


0^ 


G.  T. 


Frn^  A03^^L«t«iml  viaw  ofm  bumui  tumiSBipbnre,  itjowUtg  tho  main  bundlw  of  MKcLttlon  flhtun  ^tmn). 
A,  jLi  bttwwa  >4Jian&  ocnvoliitfQDi ;  ^,  b8twe«n  fn^iiUl  and  ocdplUt  Arau ;  €,  bt^twefiti  FniiUl  aiirt 
iempanU  nrftAa  fd'iEDlam);  d,  botwMti  froDUL  an^i  t«QiporLl  bivu  (fucieuIUA  uncliiAtiiB);  i, 
butwMD  ocdpEtaj  And  temponl  mniA  (fuctcuitu  ioii|0tudJstLtlA  Inferior);  c,k„  uudi^te  duguiiia; 
o^T^i  optic  tiuluniii. 


association  fibres  ts  given  in  fig,  503.     This  figure  may  be  usefully  comparted  with 
the  next  (fig.  501),  which  shows  the  general  plan  of  the  projct^tion  hbrt^. 

The  term  ** n^socititioH  centres"  is  given  by  Flechaig  to  those  portions  of  Lhe 
cortex  that  lie  between  the  sensory  centres  he  has  been  able  to  demonstraic.  The 
function  of  these  centres  is  first  to  furnish  pathways  between  the  several  centjes,  and 
secondly  to  retain  as  memorieii  previous  sense  impressions,  so  that  in  action  they  may 
modify  the  impulses  sent  into  ttienu  and  by  tliese  modifications  adjust  to  an  almost 
infinite  degree  the  form  of  the  final  response. 
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The  assooiAtioQ  rentrea  comprise  a  very  Ui^  area  of  the  cortex^  and  are 
diTided  into  three: — (1)  The  great  anterior  association  centre  in  the  frontal 
lobe;  (i^)  the  posterior  o^soomtion  centre  in  the  parieto-tempoml  region;  (:s)  the 
middle  association  centre;  this  is  smaller  and  comcidcs  with  the  island  of  ReiL 
These  re^ttjns  are  In  fact  those  in  which  no  evident  response  follows  excitation  ; 


^^ 


Pi  Oh  C04.— Bcboma  of  t£]«  projection  flbrea  wlthtn  th*  teilii  (StArr),  a  ,  tract  ftoin  the  frnntAl  gyrt  to  tbe 
pDD9  tiuclel  and  ao  to  the  c^aral^aUun] ;  u^  mote?  pyriuijidiLl  tract ;  c,  Hn-tioiy  tnct  for  toticb 
(jiApflnited  Frarn  b  for  tbB  Juke  Df  c1«AR]ea«  In  tbe  dia^pum);  o,  visual  tr&ct;  r.  auditor}'  tfmct; 
r,  o,  B|  mpictar,  mlddlB,  and  laferlor  cvrvbelUr  p^dUDcloa.  i  j,  Qbrea  betwumi  tbe  auclitory  uisdeuji 
aodtliibuBrioroarpiLiquaddgAiTilDiifo;  k,  motor  dE^c'tifi^atloD  In  tba  bulb^  f^t^^  fgurth  vtutrlde. 
fbB  niLmfralg  rtfi^  to  thu  craDliJ  tiervfli,  Tbs  iiemKiry  ladlaMozta  ttre  seen  to  be  maas^  towarria  H^ 
occipital  BELd  of  tbQ  bBmttpbere* 

they  tLte  sornetinieB  called  the  **  latent  op  jnexci table  cortex.*'  The  human  bT&in  fs 
characterised  bj  the  hi^h  developrnent  of  these  parts*  and  as  already  explained  they 
are  doubtless,  as  Fle^'hsig  terms  them,  the  organs  of  thought 

The  iniportani.'e  of  ttic  association  of  ideas,  which  has  for  its  anatomical  basis 
the  association  of  cortiral  centres*  wiU  be  at  once  grisped  when  one  considers  sneh 
complex  actions  as  reading  aloud  or  writin^f  from  dicbition*  The  accooipanying 
diagram  (fig-  505)  shows  the  position  of  the  niain  centres  involved,  particulars  uf 
which  will  be  found  in  the  small  text  t>eneath  the  flg^ire. 

In  reading  aloud,  the  impressions  of  the  words  enter  by  the  t^y^^  reach  that 
portion  of  the  vf.sual  sphere  known  !is  the  rtsmil  irord  eFiilr^^  travel  across  to  the 
ttudifortf  leoni  eentrf  by  dissociation  fibres,  where  the  menmrj^  of  their  sounds  is 
revived  j  annther  ti^et  of  as??oeiation  fibres  connects  this  to  the  sensori-motor  area 
in  Broca's  convolution  called  by  Bastlan  the  t/losso-kirtisitfhetic  nrfa,  whence  motor 
impulses  origin  ate  which  finally  reach  the  muscles  concerned  in  pronouncing  the 
wopd.^  originally  seen. 

Writing  from  dictation  ts  just  n&  complex ;  the  course  of  the  impulses  is  by 
the  auditory  channels  to  the  auditory  word  tf^ntrfi,  then  by  BS*3oeiflt|on  tracts  to  the 
oumtl  word  cpntrt^^  where   the  shapea   of  the   letters  composing  the  words  are 
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revived ;  another  ttssodatioa  traet  carries  the  iiiipulse  thence  to  the  iensori*motor 
atea  connected  with  the  movements  of  the  hand  (Bostjan'^s  che%rf>-khvmsl!n^li6  itr^ii)  in 
the  middle  region  of  the  Rolandic  c^ortex,  and  finally  the  Tnovement  of  wrjtiojf  is 
at^com pushed.  The  diverse  symptom.'i  exhibited  by  patients  suffering  ftrom  various 
forms  of  aphasia  can  be  all  explained  by  more  or  less  extensive  damage  either  to 
the  centres  them.^e1ves  or  to  the  association  traf'ts  whkh  connect  them. 
The  a<^sociation  fibres  of  the  spinal  cord  are  described  on  p.  630, 
In  the  development  of  a  neiiron,  four  ata^tes  can  be  distingtiished :— (1)  Celk 
without  proccs!5«s ;  (2)  the  appearance  of  simple  branches,  the  axon  developing 
most  rapidiy ;  (3)  the  torrnation  of  collaterals  ;  (4)  the  appearance  of  the  medullary 
shenth*  In  the  cerebral  convolutions  the  fibres  become  myelioated  in  a  strictly 
regular  sequence ;  some  convolutions  have  their  fibres  meduilated  three  Tiiootha 
before  birth,  while  in  others  i  oniplete  myelination  lias  not  occurred  six  montlis  later. 
Fibres  of  ecjoally  great  importance  Ijecome  meduilated  at  the  same  time;  those  of 
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Pill.  &oa.— L&tem]  vltjw  of  th«  left  car^bml  bArnlspbere  of  man  (ftftor  DodsUIrou).  v  i^  the  caitjc«1  afMt, 
(]»miiBB  to  wkich  prodnceH  ^*  word  blLadoflaB '  ;  it  Ib  Kltu«l9ed  [u  tlif  «agul*t  ti^yniM,  and  l«  caUt^l  tbs 
irifiuii  word  erfUfY.  n  Ik  tbi-'  amiL  id  tbs  «aperkxr  tfloipontl  flinvol^tioQ^  uUecI  tbe  &mli%^fTf  Mmtd 
omlrv,  danuiffa  to  whkh  piudace«  "  trofd  daAlbeu/*  a  Ii  Bioc&'a  convolution}  di%niag«  to  wbkh 
|iio^'Q«i  k»«  of  madiblfl  Mp«cb  (motor  ftphiAla);  tbla  la  the  MduioTf -motor  uxja  fur  lbs  tnovenients 
of  IbiQ  loaigae,  vocal  cordsj  O'tc*,  coQconLea  la  fpeakloj;;  Ei^is^h  tvrma  it  tb«  (^foa»*ilbiiur4fA<lic  arftt. 
Tbe  USA  w,  uUed  by  Bastlaa  the  chAm^mvMthHic  ared,  ta  tbe  comaiioDdbig  rogioii  conGftmed  in 
bind  movf^mentfl,  damiigi  to  which  abolhibeef  tbe  powr-r  of  writing  ^mgrapbiJi). 

primary  importance  first*  and  so  on.  In  this  way,  myelc^enetie  cortical  fields  <^an 
lie  mapped  out,  which  retain  their  contonrf.  for  some  time*  lliirty-six  of  such  fields 
were  made  out  by  Flechsig,  and  can  be  divided  chronologically  into  three  groups, 
ftrimarift  tntfirmediiih',  and  t  fir  mitt  al. 

The  pnmvtiy  fields  are  dtkrkly  shaded  in  the  aocompaaying  dmgrams  (figs.  506 
and  507)l 

They  are  10  in  number,  and  are  those  provided  with  myelinated  fibres  at  birth  ; 
they  contain  the  seats  of  the  cortical  representation  of  all  the  senses.  To  Ko.  1  is 
asiigned  the  cutaneous  and  muscular  sense ;  to  No.  2  the  sense  of  smeU ;  to  No.  I 
that  of  vision ;  to  No.  5  that  of  hearing.  The  functions  of  some  of  tbe  primary 
areas  had  not  been  determined.  The  principal  elTerent  projection  tracts  originate 
from  the  primary  fields;  thus  the  pyramidal  tract  starts  from  No.  1,  but  mainly 
from  the  ascending  frontal  convolution*'  The  sensory  fibres  connected  with  the 
skin  and  muscles  terminate  mainly  in  the  ascending  parietal  convolution.  The 
inferior  fornix  is  connected  with  Noi.  2  and  3.  The  inner  bundle  of  the  pes  springs 
from  1  b|  6,  12,  14  and  ir»;  the  origin  of  the  outer  bundle  of  the  pes  is  dotibtful. 
From  the  visual  area  (No,  4)  a  tract  arises  which  passes  mainly  into  the  anterior 
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mectrical  Variation  in  Central  Nervous  System. 

Du  EuiB  Bejrtnond  found  that  the  spinal  cord,  like  a  nerve, 
exhihita  a  demarcation  current  between  its  longitudinal  surface  and 
a  cross-aection,  and  that  a  diminution  of  this  currenfc  occurs  on 
excitation  (negative  variation).  Gotch  and  Horsley  investigated  the 
currents  of  the  cord  very  thoroughly.  If  the  Eolandic  area  of  the 
cortex  is  stimulated,  and  a  portion  of  the  thoracic  region  of  the 
spinal  cord  is  led  off  to  a  galvanometer,  a  persistent  negative  varia- 
tion followed  by  a  series  of  intermittent  variations  is  observed ;  this 
exactly  corresponds  to  the  tonic  spasm  followed  by  clonic  con- 
tractions which  occur  in  the  muscles  excited  by  this  means. 

The  galvanometer  in  the  hands  of  these  observers  also  proved  to 
he  a  valuable  instrument  for  determining  the  paths  taken  by  nerv^ous 
impnlaea  in  the  cord.  One  example  will  suffice :  If  the  central  end 
of  one  sciatic  nen^e  is  stimulated,  the  chief  electrical  variation  in  the 
cord  ie  noticed  to  be  obtained  when  the  same  side  of  the  cord  is  led 
off  to  the  galvanometer,  but  a  certain  amount  of  electrical  variation 
is  obtainable  from  the  opposite  side  of  the  cord.  This  coincides  with 
the  fact  ascertained  by  other  methods,  that  the  main  sensory 
channel  is  on  the  same  side  of  the  cord  as  the  entering  nerv^es,  but 
that  there  is  a  certain*  smalt  amount  of  decussation  below  the  level 
of  the  bulb. 

Electromotive  changes  also  occur  during  activity  in  the  cortex 
cerebri,  but  they  have  not  been  much  studied,  and  we  do  not  know 
whether  they  have  their  seat  in  the  grey  or  in  the  underlying  white 
matter. 

Sleep. 

The  conditions  that  favour  sleep  are ; — 

(1)  A  diminution  of  the  impulses  entering  the  central  nervous 
system  by  the  afferent  channels.  This  is  under  our  voluntary 
oontrol,  as,  for  instance,  in  closing  the  eyes,  or  retiring  to  a  quiet 
room. 

(2)  Fatigne.  This  diminishes  the  readiness  of  the  central 
nervous  system  to  respond  to  stimnH. 

The  first  two  hoxirs  of  sleep  are  always  the  most  profoimd ;  later 
on,  relatively  weak  stimuli  will  cause  awakening.  Of  the  parts  of 
the  central  nervous  system,  the  spinal  cord  is  always  less  profoundly 
affected  than  the  brain,  but  even  the  brain  is  never  entirely  irrespon- 
sive, and  unless  slumber  is  very  profound,  dreams  are  the  subjective 
result  of  external  stimuli 

Sleep  has  been  attributed  by  some  to  changes  in  the  blood-snpply 
of  the  brain,  and  ultimately  referred  to  fatigue  of  the  vaso-motor 
centres.     The  existence  of  an  effective  vaso-motor  mechanism  in  the 
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cerebral  blood-veBselB  themselves  is  problematical  (eee  p.  311);  ao 
that  if  changes  occur  in  the  cerebral  blood-preeaure  or  rate  of  flow, 
they  are  mainlj  Becondary  to  those  which  are  produced  in  other 
parts  of  the  body,  Plethysmographic  records  from  the  arm  of  a 
sleeping  man  show  a  diminution  in  its  volume  every  time  he  is 
disturbed^  even  though  the  disturbance  may  not  be  sufficient  to 
(ivvakeu  him.  This  is  interpreted  as  meaning  a  diminution  in  the 
blood  of  the  body,  and  a  correspondiiig  increase  in  the  blood-flow 
through  the  brain.  It  is,  however,  quite  possible  that  the  vascular 
condition  is  rather  the  concomitant  or  consequence  of  sleep  than  its 
cause. 

Some  of  the  theories  to  account  for  sleep  have  been  chemical 
Thus  certain  observers  have  considered  that  sleep  is  the  result  of  the 
action  of  chemical  materials  produced  during  waking  hours,  which 
have  a  soporific  effect  on  the  brain;  according  to  this  theory 
awakening  from  sleep  is  due  to  the  action  of  certain  othor  materials 
produced  during  rest,  which  have  the  opposite  effect.  Obersteiner 
has  gone  so  far  as  to  consider  that  the  soporific  substances  are 
redueing  in  nature,  and  others  regard  them  as  alkaloidaL  These 
theories  all  rest  upon  the  slimsiest  foundations,  and  none  has  yet 
been  found  to  stand  experimental  tests. 

Then  there  are  what  we  may  term  histological  theories  of  sleep, 
and  these  are  equally  unsatisfactory.  The  introduction  of  the  Go^ 
method  opened  a  fresh  field  for  investigatorSj  and  several  have 
sought  to  iind  by  tliis  method  a  condition  of  the  neurons  produced 
by  narcotics  such  as  opium  and  chloroform,  which  is  different  from 
that  which  obtains  in  the  waking  state. 

Demoor  and  others  found  that  in  animals  in  which  deep  anoeg- 
thesia  has  occurred,  that  the  dendrites  exhibit  moniliform  swellings, 
that  is,  a  series  of  minute  thickenings  or  varicosities.  On  tne 
strength  of  this  observation^  he  has  formulated  what  we  may  call  a 
bio-physical  theory  of  sleep.  In  the  waking  state,  the  neighbouring 
nerve  units  are  in  contact  with  each  other ;  transmission  of  nerve 
impulses  from  neuron  to  neuron  is  then  possible,  and  the  result  is 
consciousness ;  during  sleep  the  dendrites  are  retracted  in  an 
amoBboid  manner ;  the  neurons  are  therefore  separated,  and  the  result 
is  unconsciousness, 

Lugaro,  on  the  other  hand,  takes  the  precisely  contrary  view. 
He  was  not  able  to  discover  moniliform  enlargements,  and  his  bio- 
physical hypothesis  is  that  the  interlacing  of  dendrites  is  much  more 
intimate  during  sleep  than  during  consciousness.  He  therefore 
explains  sleep  by  supposing  that  the  definite  and  limited  relation- 
ahips  between  neurons  no  longer  exists,  but  are  lost  and  rendered 
inellective  by  the  universality  of  tlie  connecting  paths.  It  is  not 
very  difficult  to  explain  such  divergence  of  views,  for  they  both 
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depend  mainly  on  observations  made  by  a  single  method ;  and  the 
method  itself  is  open  to  objection.  It  is  one  which  gives  even  in  the 
same  brain  most  inconstant  results,  and  is  not  calculated  to  show 
much  more  than  a  mere  outline  of  a  few  of  the  cells  and  their 
branches.  So  much  doubt  has  arisen  of  lata  in  regard  to  the  trust- 
worthiness of  the  method,  that  many  neurologists  are  beginning  to 
doubt  whether  the  neuron  theory  implying  absolute  non-continuity 
of  nerve  units  has  been  satisfactorily  proved,  and  there  is  a  tendency 
to  return  to  the  idea  of  a  connecting  network  not  very  different  from 
that  originally  put  forward  by  GerlacL 

A  more  satisfactory  investigation  of  the  effect  of  anBesthetios  on 
nerve-cells  was  carried  out  by  Hamilton  Wright. 
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l^t}»  &06s. — Monlllfurui  eolHrgomimtB  on  detidjita  of  i»rve«De!Ufl,  nmdfired  evjdDOt  by  Ooi'i  modtticatioiD 
dt  GQlgt'«  method,  i,^  Iji  &  ctirtlr^l  c«ll  of  «  imbblt ;  a*  In  a  CQrrespoadiDg  call  of  «  di3tf*t  btAUif  >ft«f 
tlx  houjs*  miiKitbaittiailDD  wltb  etliflr  bi  each  casa.    (ITamlltoa  Wdght.) 

He  used  rabbits  and  dogs,  and  subjected  them  to  ether  and 
chloroform  narcosis  for  periods  varj^ng  from  half  an  hour  to  nine 
hours.  In  both  animals  he  found  that  the  nerv^e-cells  are  affected, 
but  in  rabbits  much  more  readily.  This  accords  quite  well  with 
what  is  known  regarding  the  susceptibility  of  rabbits  as  compared  to 
dogs  towards  the  influence  of  these  narcotising  agents.  In  a  rabbity 
the  nerve -eel  la,  especially  of  the  cerebrum,  show  changes  even  after 
only  half  an  hour's  ansesthesia,  but  in  dogs  at  least  four  hours'  anaes- 
thesia must  be  employed.  By  the  Golgi  method  the  moniliform 
enlargements  can  be  seen.  These  become  more  numerous,  larger, 
and  encroach  more  and  more  on  the  dendritic  stems,  the  longer  the 
anaesthesia  is  kept  up.  The  accompanying  illustrations  show  the 
appearances  seen  (fig,  608). 
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Lugaro'e  failure  to  find  these  appearaEcee  is  doubtless  due  to  bis 
not  having  maintaiiied  the  ansesthesia  long  enough  in  bis  dogs* 

Wright  started  Ma  work  with  a  bias  in  favour  of  Demoor'a  bio- 
phyBioal  theory,  but  be  soon  found  that  the  theory  vras  untenable ; 
the  results  of  hia  obaervations  have  shown  him  that  the  action  of 
aneeathetics  is  bio-chemical  rather  than  bio-physical,  and  he  has  been 
led  to  this  conclusion  by  tlie  employment  of  other  histological 
methods,  particularly  the  most  sensitive  one  we  pOBsese,  namely,  the 
methylene-blue  reaction. 

Owing  to  the  chemical  action  of  the  aneesthetic  on  the  cells,  the 
Kiasl  bodies  have  no  longer  an  affinity  for  methylene-blue,  and  the 
cells  consequently  present  what  Wright  calls  a  rarefied  appearance ; 
when  this  becomes  marked  the  cells  appear  like  the  skeletons  of 
healthy  cells.  In  extreme  cases  the  cells  look  as  though  they  had 
undergone  a  degenerative  change,  and  after  eight  or  nine  hours' 
anaesthesia  in  dogs,  even  the  nucleus  and  nucleolus  lose  their  affinity 
fur  basic  dyes.  The  change,  however,  is  not  a  real  degeneration,  and 
passes  off  when  the  drug  disappears  from  the  circulation.  Even 
after  nine  hours'  anaesthesia  the  cells  return  rapidly  to  their  normal 
condition,  stain  normally,  moniliform  enlargements  have  disappeared, 
and  no  nerve-fibres  show  a  trace  of  Wallerian  degeneration.  The 
pseudo-degenerative  change  produced  by  the  chemical  action  of  the 
anfieathetic  no  doubt  interferes  with  the  normal  metabolic  activity 
of  the  cell-body,  and  this  produces  efifects  on  the  cell-branches.  In 
the  early  stages  of  Wallerian  degeneration,  the  branch  of  the  nerve- 
cell  which  we  call  the  axis-cylinder  presents  swellings  or  varicosi- 
ties, produced  by  hydration  or  some  similar  chemical  change.  The 
moniliform  enlargements  seen  during  the  temporary  pseudo-degenera- 
tive effects  produced  by  anaesthetics  are  comparable  to  this,*  These 
enlargements  are  therefore  not  the  primary  cause  of  loss  of  conacions- 
ness,  but  are  merely  secondary  results  of  changes  in  the  cell-body. 
When  a  tree  begins  to  wither  the  earliest  apparent  change  is  noticed 
in  the  branches  most  remote  from  the  centre  of  nutrition,  the  root ; 
as  the  changes  in  the  centre  of  nutrition  become  more  profound,  the 
larger  branches  become  implicated,  but  the  seat  of  the  mischief  is 
not  primarily  in  the  branches.  This  illustration  may  serve  to  render 
intelligible  what  is  found  in  nerve -cells  and  their  branches. 

Whether  the  appearances  found  in  dogs  and  rabbits  are  appli- 
cable to  the  human  subject  is  another  question.  I  am  inclined  to 
think  that  we  may  safely  regard  them  as  such ;  there  is  no  reason 
why  an  ansesthetic  should  act  differently  in  different  animals.  The 
resistance  of  the  animal  is  a  variable  factor,  and  this  causes  a  varia- 

*  Some  observem  k>ok  upon  the  varicosittes  &s  arUfii<-ti.  If  they  are,  they 
ouglitto  have  been  found  in  alJ  Wright's  spet-imeas,  for  the  metLod  of 'preparation 
was  the  fiame  tlirougf hour. 
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kion  in  degree  onl^ ;  the  effect  is  probablj  the  B&me  m  kind  for  aU 
inimals,  man  included. 

But  I  feel  that  we  should  be  very  chary  in  concluding  that  the 
irtificial  sleep  of  a  deeply-narcotised  animal  is  any  criterion  of  what 
sura  during  normal  sleep.  The  sleep  of  ansBethesia  is  a  pathologi- 
"  condition  due  to  the  action  of  a  poison.  The  drug  reduces  the 
chemico-vital  activities  of  the  cells,  and  is,  in  a  sense,  dependent  on 
an  increasing  condition  of  exhaustion,  which  may  culminate  in  death. 
Normal  sleep,  on  the  other  hand,  ia  not  produced  by  a  poison,  or  at 
^Any  rate  we  have  no  evidence  of  any  poison  ■  it  is  the  normal  mani- 
~B8tation  of  one  stage  in  the  rhythmical  activity  of  nerve-cells,  and 
though  it  may  be  preceded  by  fatigue  or  exhaustion,  it  is  aecom- 
panied  by  repair,  the  constructive  side  of  metabolic  activity. 

Lou  a/  xlfftp  is  more  damagijig  than  starvation.  Dogs  wiU  recover  after  being 
starved  for  three  weeks,  but  they  die  from  Joss  of  sleep  in  five  diiys.  The  body 
temperature  falls,  reflexes  disappear,  aad  post-mortem  the  brain  is  found  to  contain 
capillary  hK*niorrhages»  the  cord  is  dry  and  ana^mict  and  fatty  dcgenemtioo  is  found 
in  most  of  the  tissues. 

In  raan,  loss  of  sleep  curioasty  enough  caus^  a  slight  rise  in  weight ;  the  body 
temperature  feJls ;  the  excretion  of  nitrogen  and  stiU  more  so  that  of  phosphoric  acid 
increases ;  the  reactionB  of  the  muscular,  and  later  tho&e  of  the  nervous,  system 
diminish  in  latetislty,  except  that  in  all  c^i^es  tljere  is  an  increase  in  acuteness  of 
vision.  These  experiments  were  made  by  Patrirk  and  Gilljeii  on  three  young  men, 
who  voluntariJy  went  without  sleep  for  ninety  hours.  At  the  end  of  the  e:xperimeDt 
a  very  small  e^ttra  amount  of  sleep  beyund  trie  normal  t-aused  complete  restoration, 
and  all  the  symptoms,  including  tne  Increase  of  weight,  disappeared. 

Action  tif  aiifnsth^tita  — Moore  and  Roaf  point  out  that  the  cells  usually  jnve^ti- 
^ted,  as  in  Wright's  work,  are  the  nerve  cells,  for  the  state  of  quiescence  produced 
in  these  by  an  anoesthetic  underlies  the  state  of  imconsciousness,  AU  other  cells 
are,  however,  similarly  affected ,  although  in  varying  degree.  The  changes  noted 
by  Wright  form  a  signal  of  the  changes  produced  in  protoplasm  by  the  prolonged 
action  of  the  anaesthetic.  The  action  must  be  due  to  a  change  in  some  substance 
present  in  all  cells,  and  Ihjs  substan<'e  \s  protein.  They  have  shown  that  unstable 
compound.^  of  protein  and  chloroform  are  obtainable,  henee  the  great  solubility  of 
chloroform  in  blood  as  compared  to  water.  The  ehloroform-protein  compound  may 
be  compared  to  o^ityhaemogloblnt  for  it  undergoes  dissociation  in  the  same  kind  of 
way.  Just  as  oxyhBemoglobin  parts  with  its  oxygen  to  the  tissue-cells,  so  the 
chloroform  parts  company  from  tne  blood-protein,  and  enters  into  combination  with 
the  r*eH-protein,  limiting  its  activity  and  producing  quiest:enc;e  or  aneesthesia^  When 
the  admiiii>jtration  of  the  anoesthetic  u cases,  the  chloroform  tension  in  the  blood  is  no 
longer  maintained,  tlie  combination  between  ccU-protein  and  chloroform  dissociates, 
and  ansasthesia  passes  ofiT. 
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[N  past  times  there  have  been  several  views  held  as  to  the  functions 
of  the  GerebeUunL  One  of  the  oldest  of  these  was  the  idea  that  the 
cerebellum  was  associated  with  the  function  of  generation ;  anoiber 
view,  first  promulgated  by  Willis,  was  that  the  cerebellum  contained 
the  centres  which  regulate  the  functions  of  organic  life;  this  arose 
from  the  ciremnatance  that  diseases  of  the  cerebellum  are  often 
associated  with  nausea  and  vomiting;  it  is  a  familiar  fact  that  in 
displacements  of  equilibrium  such  as  occur  on  board  ship  in  a  rough 
sea,  or  in  the  disease  called  Meniere*8  disease,  Bickuess  is  a  frequent 
result;  it  appears  from  this  that  the  cerebellum  does  receive  from  or 
send  to  the  viscera  certain  impulses.  The  third  and  last  of  these 
older  theories  was  that  the  cerebellum  was  the  centre  for  sensation. 
This  arose  from  the  fact  that  certain  of  the  afferent  channels  of  the 
spinal  cord  were  traced  into  the  cerebellum.  The  impulses  that  travel 
along  these,  however,  though  afferent,  are  not  trulj  sensory,  and  their 
reception  in  the  cerebellum  is  not  associated  with  consciousness. 

The  true  function  of  the  cerebellmn  was  first  pointed  out  by 
Flourens,  who  showed  that  the  cerebellum  is  the  great  centre  fur  the 
co-ordination  of  muscular  movement,  and  especially  for  that  variety 
of  co-ordination  which  is  called  equilibration— that  is,  the  harmonious 
adjustment  of  the  working  of  the  muscles  which  maintain  the  body 
in  a  position  of  equilibriuoL 

It  must  not  be  supposed  from  this  that  the  cerebellum  is  the  sole 
centre  for  co-ordination.  We  have  already  seen  that  all  the  machinery 
necessary  for  carrying  out  very  complicated  locomotive  movements 
is  present  in  the  spinal  cord*  The  higher  centres  set  this  machinery 
going,  and  the  work  of  arranging  what  muscles  are  to  act*  and  in 
what  order,  is  carried  out  by  the  whole  of  the  grey  matter  from  the 
corpora  striata  to  the  end  of  the  spinal  cordi  including  such  out- 
growths as  the  corpora  qnadrigemina  and  cerebellum.  An  instance 
of  a  complex  co-ordinated  movement  is  seen  in  what  we  learnt  to  call 
in  the  last  chapter  eonjugati  d^vialian  of  head  and  eyes.  The  higher 
Qrtical  centre  gives  the  general  word  of  command  to  turn  the  head 
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and  ejm  to  the  right :  the  subsidiary  centres  or  subordinate  officials 
arrange  that  this  is  to  be  accomplished  by  the  external  rectue  of  the 
right  eye  supplied  by  the  right  sixth  nerve,  the  internal  rectus  of  the 
left  eye  supplied  by  the  left  third  nerve,  and  numerous  musclea  of 
neck  and  back  of  both  sides  supplied  by  numerous  nerves.  The 
relaxation  of  the  antagonistic  muscles  has  also  to  be  provided  for. 
We  thus  see  how  the  complicated  intercrossing  of  fibres  and  connec- 
tions of  the  centres  of  the  various  nerves  are  brought  into  play. 

The  functions  of  the  cerebellum  are  investigated  by  the  same  two 
methods  of  experiment  {dimulation  and  sxtirpalion)  that  are  employed 
in  similar  researches  on  the  cerebrum.  The  anatomical  connections 
of  the  ceretellum  with  other  parts  of  the  cerebro-spinal  axis  (see 
p.  662)  have  been  chiefly  elucidated  by  the  degeneration  method 


'^       .:r'^1^'*-  \  ., 


Fio.  '"lOfi-^^PEgflOD  after  removal  otiht  oareti«llmii,    (lialton;) 

Each  side  of  the  cerebellum  has  three  peduncles :  the  sup^&r  peduncle 
connecting  it  to  the  opposite  hemisphere  of  the  cerebrum,  the  inferior 
peduncle  connecting  it  mainly  to  the  same  side  of  the  spinal  cord,  and 
the  Middle  pedimcle  contains  fibres  which  link  the  two  halves  of  the 
cerebellum  together  in  a  physiological  though  not  in  an  anatomical 
sense.  The  upper  end  of  the  inferior  peduncle  terminates  in  the 
vermis ;  in  some  of  the  lower  animals  the  vermis  ia  practically  the 
only  part  of  the  cerebellum  which  is  present,  and  it  is  this  part  of 
the  cereljellum  which  is  principally  concerned  in  the  co-ordination 
of  the  bodily  movements.  The  cerelDellar  hemispheres  are  especially 
connected  with  the  opposite  cerebral  hemispheres ;  and  possibly  just 
as  the  different  regions  of  the  body  have  corresponding  areas  in  the 
cerebrum,  so  also  they  are  similarly  represented  in  the  ceret>ellum ; 
but  locahsation  of  function  in  the  cerebellum  has  not  gone  sufficiently 
far  yet  to  make  this  a  certainty. 

If  the  cerebellimi  is  removed  in  an  animal^  or  if  it  ia  the  seat  of 
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dlBeaBe  in  man,  the  result  is  a  conditioii  of  slight  muscular  weak- 
ness ;  but  the  principal  symptom  observed  ia  inco-vrdiTiatimi,  chiefly 
evidenced  by  a  staggering  gait  similar  to  that  seen  in  a  drunken  man. 
It  is  called  csrehdiar  atomy. 

This  condition  is  well  illustrated  in  the  figure  on  p.  717  (fig.  509) ; 
the  disturbed  condition  of  the  animal  contrasts  very  forcibly  with 
the  sleepy  state  produced  by  removal  of  the  cerebmm  (see  fig.  493). 

In  order  that  the  cerebellum  may  duly  execute  its  function  of 
eqmlibration,  it  is  necessary  that  it  should  send  out  impulses ;  this  it 
does  by  fibres  that  leave  its  cells  and  pass  out  through  its  peduncles ; 
they  pass  out  to  the  opposite  cerebral  hemisphere,  and  ao  influence 
the  discharge  of  the  impulses  from  the  cortex  of  the  cerebriun.  It 
is  also  probable  that  impulses  pass  out  to  the  cord  (see  dotted  line 

in  fig,  482),  but  the  exact  course  of 
these  fibres,  if  they  do  exist,  has  still  to 
be  worked  out. 

The  cerebellum  thus  acts  upon  the 
muscles  of  the  same  side  of  the  body 
in  conjunction  with  the  cerebral  hami- 
sphere  of  the  opposite  side.  The  close 
inter-relation  of  one  cerebral  with  the 
opposite  cerebellar  hemisphere  is  shown 
in  cases  of  brain  diseasei  in  which 
atrophy  of  one  cerebellar  hemisphere 
follows  that  of  the  opposite  cerebral 
hemisphere  (see  fig.  510). 

In  order  that  the  cerebellum  may 
send  out  impulses  in  this  way^  it  is 
necessary  that  it  receive  impulses  which  guide  it  hj  keeping  it 
informed  of  the  position  of  the  body  in  space.  These  afferent  im- 
pulses are  of  four  kinds,  namely : — 


'I^V. 
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pbotogTo-pb  of  a  iQRii tic's  bratn  Imt 
mo  by  Or  FrickA^  One  cgfQbrul  und 
Iba  oppoiHlte    carebeLiar    bemiitpbiffQ' 


1.  Tactile. 

2.  Mo  to  rial 


3.  Visual, 

4  Labyrinthine. 


1,  TdcHU  impT€ssiom,—T\\B  importance  of  the  tactile  sense  is 
obvious;  autl  in  diseases  of  the  afferent  tracts,  loss  of  that  sense  in 
the  lower  limbs  leads  to  disturbances  of  equilibrium ;  in  such  cases 
a  man  has  difficulty  in  balancing  himself  while  standing  with  his 
eyes  shut.  Sherriogton,  however,  has  shown  how  comparatively 
unimportant  is  the  loss  of  tactile  sensibility  from  the  feet.  A  cat, 
in  which  the  feet  have  been  completely  desensitised  by  division  of 
all  their  nerves,  can  stand  and  walk  without  obvious  in  convenience. 
It  is  not  until  the  sensitiveness  of  the  join  tSi  especially  in  the  upper 
segments  of  the  limb,  is  interfered  with  that  marked  disturbancas 
of  balance  are  ooticeable. 
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2,  Molorial  impressioji8.^Evoii  more  important  than  the  tactile 
sense  from  the  skin  is  the  eense  which  enables  us  to  know  what  we 
are  doing  with  our  muscles.  We  have  hitherto  chiefly  spoken  of  the 
muscular  nerves  as  being  motor;  they  also  contain  sensory  fibres; 
these  pass  from  the  muscles,  and  their  tendons  to  the  posterior  roots 
of  the  spinal  nerves,  and  the  impulses  ascend  the  sensory  tracts 
through  con!  and  brain  to  reach  the  cereteUum  and  the  Rolandie 
area>  In  many  cases  of  locomotor  ataxy  there  is  but  little 
loss  of  tactile  sensibiUty,  and  the  condition  of  inco-ordinalion  is 
then  chiefly  due  to  the  loss  of  impressions  from  raotorial  organs 
(muscles    and     joints,     see     further, 

p.  742). 

3.  Visual  impressKms. — The  use  of 
visual  impressions  in  guiding  the 
nervous  centres  for  the  maintenance 
of  equilibrium  is  seen  in  those  cases 
of  locomotor  ataxy  where  there  is  loss 
of  equilibrium  when  the  patient  closes 
his  eyes.  Destruction  of  the  eyes  in 
animals  often  causes  them  to  spin 
round  and  lose  their  balance.  The 
giddiness  experienced  by  many  people 
on  looking  at  moving  water,  or  after 
the  onset  of  a  squint,  or  when  objects 
are  viewed  under  unusual  circum- 
stances, as  in  the  ascent  of  a  mountain 
milway,  is  due  to  the  same  thing.  The 
importance  of  keeping  one's  eyes  open 
is  brought  home  to  one  very  forcibly 
when  one  is  walking  in  a  perilous  posi- 
tion, as  along  the  edge  of  a  precipice, 
where  an  upset  of  the  eqmlibriimi 
would  be  attended  with  serious  con- 
sequences, 

4  Labyrinthine  imprcmons. — These  are  the  most  important  of 
all ;  they  are  the  impressions  that  reach  the  central  nervous  system 
from  that  part  of  the  internal  ear  called  the  labyrinth.  Here,  how- 
ever, we  must  pause  to  consider  first  some  anatomical  facta  in 
connection  with  the  semicircular  canals  that  make  up  the  labyrinth. 
Fig,  511  is  an  external  view  of  the  internal  ear;  it  is  enclosed  within 
the  petrous  portion  of  the  temporal  bone;  and  consists  of  three 
parts— the  vestibule  (1),  the  three  semicircular  canals  (3,  4, 5)  which 
open  into  the  vestibule,  and  the  tube,  coiled  like  a  snail's  shell,  eaUed 
the  cochlea  (6,  7,  8)*  The  cochlea  is  the  part  of  the  apparatus  which 
is  concerned  in  the  reception  of  auditory  impressions ;  it  is  supplied 


Fic).  511.— High  t  bony  Iftbvriiitb,  viewed 
fhini  the  ootnT  sine.  The  spedmen 
hen  repreoetited  wu  pFspu^d  by 
■Pi:«nitlng  plecemaaJ  tbe  linosur  Hub* 
Ht&nce  cjf  tbe  petntu  bone  from  the 
ilt^risuB  waUa  which  [DrntedUtBly  9n> 
cloflft  the  Ubyrintb.  ],  tb*  ventibtile; 
%  Ttm^tia.  ovmlk ;  3,  sapezior  •eml" 
drcalAr  cuuml ;  I*  boiisaotnl  Oi-  elc> 
tema,!  cimal;  5,  pCMtericrT  CAiiml;  *^ 
mmpfi}ht  ot  the  neiulctrculAr  canili  i 
01  ant  torn  of  the  cocbteft;  7,  Hocmd 
ttitm;  St  ipei:  9,  ftideetn  rotUJid*. 
Tbe  fiuaAller  Qgnre  to  outJIne  below 
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by  the  cochlear  division  of  the  eighth  or  auditory  nerve.  The 
remainder  of  the  internal  ear  is  concerned  not  in  hearing,  but  in 
the  reception  of  the  impressiojis  we  are  now  studying  Within  the 
vestibule  are  two  chambers  made  of  membrane^  called  the  utricle 

and  the  saccule;  these  eom- 
municate  with  one  another  and 
with  the  canal  of  the  cochlea. 
Within  each  bony  semicircular 
canal  is  a  membranous  semi- 
circular canal  of  similar  shape. 
Each  canal  is  filled  with  a 
watery  fluid  called  eTidolymph,, 
and  separated  from  the  bony 
canal  by  another  fluid  called 
perilymph.  Each  canal  has  a 
swelling  at  one  end  called  the 
ampulla.  The  membranous 
canals  open  into  the  utricle; 
the  horisontal  canal  by  each  of 
its  ends ;  the  superior  and  pos- 
terior vertical  canals  by  three 
openings,  these  two  canals  being 
connected  at  their  n on -ampul - 
larj  ends. 

Fig.   512   shows  in  transverse  section   the  way  in  which  the 
membranous  is  contained  within  the  bony  canal ;  the  membranous 
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Pio,  61S,— Saetloit  Qf  human  semlclrctiliir  cjujnl. 
(Alt«T  Rlldliig«r.)  1,  Ikuje;  a,  pnrk^steum ;  »,  3, 
ftbroun  tandicoTinectltig  the  ]>eiia«t>eum  lo  i,  the 
emtAr  tlbrQtin  coat  of  the  mtimbfanous  cnaal; 
5,  tunica  profTtft;  6,  epltbeliurn^ 


N 

Fm.  513.— BecUon  IhiDBgh  the  w»U  gf  UiQ  ainpulla  of  n  Mmlctn^ulat  canal,  pwaln^f  through  the  crista 
acoustics.  1,  EpLthellum  i  S,  ttuilca  propm  ;  8*  fibroua  Lay«r  of  canal ;  N«  bundlei  at  iiarv«-U£i4mi 
Q,  cnpuln,  hito  whidh  tbe  bain  of  tha  bair-ceilf  project,    (After  i;$chkif«T). 

canal  consists  of  three  layers,  the  outer  of  which  is  fibrous  and 
eon  tin  uo  us  with  the  periosteum  that  lines  the  bony  canal ;  then  comes 
the  tunica  propria,  composed  of  homogeneous  material^  and  thrown 
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into  papillae  except  just  where  the  attachment  of  the  membranoiia  to 
the  bony  canal  is  cloaeat;  and  the  innermost  layer  ia  a  aomewhat 
flattened  epitheiium. 

At  the  ampdla  there  is  a  different  appearance;  the  tunica 
propria  is  raised  into  a  hillock  called  the  crista  ucustica  (see  fig,  513) ; 
the  ceUs  of  the  epithelium  become  columnar  in  shape,  and  to  some 
of  them  fibres  of  the  auditory  nerve  pass,  arborising  round  them ; 
these  cells  are  provided  with  stiff  hairs,  which  project  into  what  is 
called  the  cupula,  a  mass  of  mucus-like  material  containing  otoHths 
or  crystals  of  calcium  carbonate.  Between  the  hair-cells  are  fibre- 
cells  which  act  as  supports  (fig.  514).  When  the  endolymph  in  the 
interior  of  the  canals  is  thrown  into  vibration,  the  hairs  of  the  hair- 
cells  are  affected,  and  a  nervous  im- 
pulse is  set  up  in  the  contiguous 
nerve-fibres,  which  carry  it  to  the 
central  nerv^ous  system. 

The  walla  of  the  aaccule  and 
utricle  are  similar  in  composition, 
and  each  has  a  similar  hillock,  called 
a  mactda,  to  the  hair-cells  on  which 
nerve-fibres  are  distributed. 

The  macula  of  the  utricle  and 
the  cristse  of  the  superior  and  hori- 
zontal canals  are  supplied  by  the 
vestibular  division  of  the  eighth  or 
auditory  nerve.  The  macula  of  the 
saccule  and  the  crista  of  the  posterior 
canal  are  supplied  by  a  branch  of  the 
cochlear  diviaion  of  the  same  nerve 
(see  p.  665). 

It  will  be  noticed  that  the  canals 
of  each  side  are  in  three  planes  at 
right  angles  to  each  other,  and  we 
learn  the  movements  of  our  body  with  regard  to  the  three  dimen- 
sions of  space  by  means  of  impressions  from  the  ampullary  endings 
of  the  auditory  nerve;  these  impressions  are  set  up  by  the  varying 
pressure  of  the  endolymph  in  the  ampullse. 

Thus  a  sudden  turning  of  the  head  from  right  to  left  wOl  cause 
movement  of  the  endolymph  towards,  and  therefore  increased  pressure 
on,  the  ampullary  nerve-endings  of  the  left  horizontal  canal,  and 
diminished  pressure  on  the  corresponding  nerve-endings  of  the  right 
side.  It  is  probable  tliat  resulting  from  such  a  movement  two 
impulses  reach  the  brain,  one  the  effect  of  increased  pressure  in  one 
ampulla,  the  second  the  effect  of  decreased  pressure  in  its  fellow, 

**One  canal  can  be  affected  by,  and  transmit  the  sensation  of 
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Ihfl  bair  bfoktiti,  and  Uie  Uum  or  Ui«  liiff 
■put  Into  lU  oonstiluent  tlbrflii;  2,  nbnft^ 
tMi ;  N,  bund  in  of  ntsrvMlbtu  wbkb 
biiV«  LcAt  tbelr  tfioduIlJLr^  !il;i««Ui,  mnd 
iarmtniite  by  arbcrl^liig  round  tht  hnim 
or  lb«  bAlf'C^UH  ',  A  B^  pqrfHce  <j(  tunica 
propria.    (Alter  finlKiuBH) 
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rotation  about  one  axis  in  one  direction  only;  and  for  complete 
perception  of  rotation  in  any  direction  about  any  axis,  six  canals  are 
required  in  three  pairs,  each  pair  being  in  the  same  or  parallel  planesj 
and  their  ampuUee  turned  opposite  ways.  Each  pair  would  thus  he 
sensitive  to  any  rotation  about  a  line  at  right  angles  to  its  plane  or 
planes,  the  one  canal  l>6ing  influenced  by  rotation  in  one  direction, 
the  other  by  rotation  in  the  opposite  direction/*    (Crum-Brown.) 

The  two  horizontel  canals  are  in  the  same  plane ;  the  posterior 
vertical  of  one  aide  is  in  a  plane  parallel  to  that  of  the  superior 
vertical  of  the  other  side  (see  fig.  515). 


<il 


FtG,  A15,— DtiLgf^iii  o(  aeiuielpcul&r  CAtiala,  Ut  ^itucw  their  pCMltloiiB  In  Uirm  liiMitt  at  rif^t  aiigt«s  to 
such  Qther.  It  will  Im  HBcn  thjit  tbe  two  horUontal  t^%naU  (£1}  He  In  the  «ani«  pinna :  and  %hm%  ib« 
itu[ii«iiior  verUcnl  of  one  »1do  (B)  li*^  1u  *  plarie  tsanllwl  to  timt  of  the  poafcerlor  veitldal  (P)  of  tli# 
othor,    (Atter  ffwnM.) 

When  these  canals  are  diseased  in  man  as  in  Meni^^re^s  diseaaSi 
there  are  disturbances  of  equilibrimn:  a  feeling  of  giddiness,  which 
may  lead  to  the  patient's  falling  down,  is  associated  with  nausea  and 
vomiting*  In  animals  similar  resulte  are  produced  hy  injury,  and  the 
subject  has  been  chiefiy  worked  out  on  birds  by  Flourens,  where  the 
canals  are  large  and  readily  exposed,  and  more  recently  in  fishes,  hy  Lea 

Thus,  if  the  horizontal  canal  is  divided  in  a  pigeon,  the  head  is 
thrown  into  a  series  of  oscillations  in  a  horizontal  plane,  which  are 
increased  by  section  of  the  corresponding  canal  of  the  opposite  sida 
Alter  section  of  the  vertical  canals,  the  forced  movements  are  in  a 
vertical  plane,  and  the  animal  tends  to  turn  somersaults. 

"When  the  whole  of  the  canals  are  destroyed  on  Ixith  sides 
the  dis^turbances  of  equilibrium  are  of  the  moet  pronounced  character 
(Joltz  describes  a  pigeon  so  treated  which  always  kept  its  head  with 
the  occiput  touching  the  breast^  the  vertex  directed  downwards,  with 
the  right  eye  looking  to  the  left  and  the  left  looking  to  the  right, 
the  head  being  incessantly  swung  in  a  pendulum-like  manner. 
Cyon  says  it  is  almost  impossible  to  give  an  idea  of  the  perpetual 
movements  to  which  the  animal  is  subject.  It  can  neither  stand, 
tior  lie  still,  nor  fly,  nor  maintain  any  fixed  attitude.  It  executes 
^  violent  somersaults,  now  forwards,  now  backwards,  rolls  round  and 
jund,  or  springs  in  the  air  and  falls  back  to  recommence  anew.     It 
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IB  neceBsary  to  envelop  the  aHimals  in  aome  Boft  covering  to  prevent 
them  dashing  themselves  to  pieces  by  the  violanoe  of  their  move- 
ments, and  even  then  not  always  with  aucceas.  The  extreme 
agitation  b  manifest  only  during  the  first  few  days  following  the 
operation,  and  the  animal  may  then  be  set  free  without  danger ;  but 
it  is  still  unable  to  stand  or  walk,  and  tumultuous  movements  come 
on  from  the  slightest  disturbance.  But  after  the  lapse  of  a  fortnight 
it  is  able  to  maintain  its  upright  position.  At  this  stage  it  resembles 
an  animal  painfully  learning  to  stand  and  walk.  In  this  it  relies 
mainly  on  its  vision,  and  it  is  only  necessary  to  cover  the  eyea  with 
a  hood  to  dispel  aU  the  fruits  of  this  new  education,  and  cause  the 
reappearance  of  aU  the  motor  disorders."     (Terrier.) 

It  is  these  canals  which  enable  all  of  ub  to  know  in  wliieh  direc- 
tion we  are  being  moved,  even  though  our  eyes  are  bandaged,  and 
the  feet  are  not  allowed  to  touch  the  ground.  On  being  whirled 
round,  such  a  person  knows  in  which  direction  he  is  being  moved, 
and  feels  that  he  is  moving  so  long  as  the  rate  of  rotation  varies, 
but  when  the  whirling  stops  he  seems,  especially  if  he  opens  his 
eyes,  to  be  whirling  in  the  opposite  direction,  probably  owing  to  the 
rebound  of  the  fluid  in  the  canals.  The  forced  movements  just 
described  in  animals  are  due  both  to  the  absence  of  the  normal  sensa- 
tions from  the  canals  and  to  delusive  sensations  arising  from  their 
irritation,  and  the  animal  makes  efforts  to  correct  the  movement 
which  it  imagines  it  is  being  subjected  to. 

ArtiUcial  stimulation  of  the  canals  pr<KJUi'e^  movements  of  the  head  and  orbits, 
and  giddiness.  Sitnilar  movements  occur  during  bodiJy  rotation,  and  giddiness  is 
the  result  of  a  rivairjr  of  sen-sations  which  afFord  t-onfiicUiig  ideiis  of  the  position  of 
the  bodv  relatively  to  t^xtcma!  objects.  A  certain  proper rtion  of  deaf  mutes  lose  their 
sense  of  direction  under  water^  cannot  maint'iin  their  equilibrium  when  their  eyes  are 
shut,  exhibit  no  orbital  movernents  when  rotated,  and  never  suffer  from  &ea-siekness 
or  giddiness*  This  proportion  is  approximately  thtr  frequency  in  which  abnormal 
conditions  of  the  canals  nave  been  found  pOBt-morUfn  in  deaf  rautes. 

These  four  sets  of  impressions  (tactUe,  motorial,  visual,  and 
Isbyriutbiue)  reach  the  cerebellum  by  its  peduncles;  from  the  eyes 
through  the  superior  peduncle,  from  the  semicirctilar  cauals  through 
the  middle  and  iuferior  peduncles,  and  from  the  body  generally 
through  the  restiform  body  or  inferior  peduncla  Section  and 
Btimulation  of  the  pedunclee  cause  ineo -ordination,  chiefly  evidenced 
by  rotatory  and  circus  movements  similar  to  those  that  occur  when 
the  nerve-endings  in  the  Bemicircalar  canals  are  destroyed  or  stimu- 
lated. Stimulation  of  the  cerebellum  itself — and  this  has  Ijcen  done 
through  the  skull  in  man — causes  giddiness,  and  consequent  muscular 
eflforts  to  correct  it.  The  results  of  stimulation,  indeed,  are  precisely 
analogous  to  those  of  extirpation,  only  in  the  reverse  direction.  Loss 
of  muscular  tone  which  follows  extirpation  of  the  canals  is  probably 
the  result  of  secondary  changes  in  the  brain. 
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It  will  have  been  noticed  in  the  preceding  chapters  how  much  of  out 
knowledge  of  cerebral  functions  is  derived  from  observations  and 
experiments  performed  upon  the  lower  animals.  I  propose  in  this 
chapter  to  expand  this  part  of  the  stibjeot.  It  is  important  not  only 
because  of  its  intrinsic  interest,  but  also  because  a  wider  survey  of 
the  conditions  in  various  animals  throws  considerable  hght  on  wliat 
is  found  in  man. 

The  brain  in  the  lower  vertebrata  is  composed  of  a  smaller 
number  of  cells  than  is  foimd  in  the  human  brain ;  one  notices  also 
that  the  massing  of  the  nerve  units  towards  the  cerebral  cortex  and 
in  relation  to  the  principal  sense  organs  has  gone  on  to  a  less  extent. 

The  doctrine  of  cerebral  locaUsation  is  not  accurately  expressed 
by  the  statement  that  a  cortical  centre  is  one,  the  stimulatian  of 
which  produces  a  definite  response,  and  the  extirpation  of  which 
abolishes  the  response.  We  have,  for  instance,  seen  that  the  stimu- 
lation of  certain  areas  in  the  dog*s  brain  produces  certain  movements, 
but  Goltz  showed  that  in  his  dogs,  the  removal  of  an  entire  hemi- 
sphere did  not  cause  permaneut  paralysis  of  the  opposite  side  of  the 
body. 

In  the  central  nervous  system  there  are  few  or  no  places,  where 
only  one  set  of  nerve  units  are  situated,  with  fibres  passing  to  and 
from  them.  Almost  every  locality  has  several  connections  with 
other  parts,  and  also  fibres  passing  through  it  which  connect  together 
the  parts  on  all  sides  of  it.  Hence  in  extirpating  even  a  limited 
area,  numerous  pathways  are  interrupted,  and  the  damage  is  con- 
sequently widespread  Much  of  the  disturbance  produced  at  first 
gradually  passes  away,  and  the  imtporary  effects  must  be  distinguished 
from  those  which  are  pervianimt ;  the  permanent  effects  have  the 
greater  significance  of  the  two*  Moreover,  it  is  clear  tliat  the  relative 
and  absolute  value  of  any  locality  in  the  central  nervous  system 
depends  largely  on  the  degree  to  which  centralisation  has  progressed, 
..and  on  the  amount  of  connection  between  the  various  areas.  The 
plosor  the  connection,  the  more  numerous  and  intricate  the  path- 


CH.  L.] 


COMPARATITK   PHYSIOLOGY  OP  THE   BRAIN 


725 


ways,  the  greater  will  be  the  permanent  effects  of  an  extirpation, 
and  the  recovery  of  fnnction  the  more  remote.  The  lower  the 
animal  in  the  zoological  series,  or  the  lees  the  age  of  the  animal  the 
more  imperfectly  developed  will  be  the  connecting  strands,  and  bq 
the  possibility  of  other  parts  taking  up  to  some  extent  the  functions 
of  those  that  are  removed  will  be  increased. 

If  the  cerebral  hemispheres  are  removed  in  a  teleosteati  or  bony 
fish  (and  in  such  animals  there  is  practically  no  cortex),  the  animal 
is  to  all  intents  ami  purposes  unaffected  ;  it  can  distinguish  t»etween 
a  worm  and  a  piece  of  string,  and  will  rise  to  red  wafers  in  preference 
to  those  of  another  colour.  The  operation  does  not  danaage  the 
primary  centres  of  vision,  and  in  these  fishes  the  eye  is  the  most 
important  sense  organ, 

A  shark,  however,  subjected  to  the  same  operation,  is  reduced  to 
a  condition  of  complete  quiescence ;  this  is  due  to  the  circumstance 
that  in  this  fish  the  principal  sense  organ  is  that  of  smell,  and  sever- 
ance of  both  olfactory  tracts  produces  the  same  result  as  removal 
of  the  entire  hemispheres.  In  either  case  the  path  between  the 
olfactory  bulbs  and  the  centres  that  control  the  cord  are  interrupted. 

Going  higher  in  the  animal  scale  to  the  frog,  we  find  that  re- 
moval of  the  hemispheres  only  does  not  entirely  abolish  its  apparent 
spontaneity;  it  still  continues  to  feed  itself,  for  instance,  by  catching 
passing  insects.  It  is  not  untU  the  optic  thalami  are  removed  also 
that  it  becomes  the  purely  reflex  animal  described  on  p,  6S0, 

If  the  brain  and  the  anterior  end  of  the  bulb  are  removed  the 
frog  becomes  incesaantly  active,  creeping  and  clambering  about  the 
room ;  but  if  the  whole  bulb  is  removed  strong  stimulation  is  required 
to  produce  movements ;  these,  however,  remain  co-ordinated. 

If  the  frog's  cerel^ellum  is  removed  there  is  some  tremor  of  the 
leg  muscles,  and  a  loss  of  co-ordination  in  jumping.  If  the  removal 
ia  confined  to  one  side  of  the  twixt-brain,  mid-brain,  or  bulb,  there  is  a 
tendency  to  forced  positions  and  movements, action  being  most  vigor- 
ous on  the  side  of  the  body  associated  wuth  the  uninjured  portions. 

We  thus  see  that  a  progressive  removal  of  portions  of  the  brain 
is  followed  by  a  progressive  loss  of  responsiveness,  until  we  reach  the 
anterior  end  of  the  bulb,  the  removed  of  which  sets  free  the  lower 
centres  of  the  cord,  and  the  result  is  incessant  movement  provoked 
by  shght  stimuli  Further  removal,  however,  lessens  responsiveness, 
and  this  is  not  easy  to  explain. 

In  the  bird,  removal  of  the  hemispheres  and  basal  gangUa  pro- 
duces the  sleepy  condition  already  described  (p.  693);  when  the 
animal  is  made  to  fly  its  movements  are  directed  by  the  sense  of 
sight,  and  it  will  select  a  perch  to  settle  on  in  preference  to  the  floor. 
It  will  start  at  a  noise ;  it  will  not  eat  voluntarily ;  it  exhibits  no 
amotions  such  as  fear,  sexual  feeling,  or  maternal  instincts. 
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In  raammalB,  the  difficulty  of  the  operation  has  been  overcome  bj 
Qoltz  in  dogs  bj  removing  the  cerebrum  piecemeal.  One  dog  treated 
in  this  way  lived  in  good  health  for  eighteen  months,  when  it  waa 
killed  in  order  that  a  thorough  examination  of  the  brain  might 
be  made.  It  waa  then  found  that  not  only  the  hemispherea  but  the 
main  parts  of  the  optic  thalamus  and  corpus  striatum  had  been 
removed  also.  Though  it  could  still  carry  out  co-ordinated  move- 
mentSi  its  reactions  were  entirely  reflex,  and  emotions,  feelings,  or 
the  oapacity  to  learn  were  absent. 

If  we  now  compare  these  effects,  it  is  seen  that  the  results  of  the 
operation  becomes  progressively  greater  as  we  ascend  the  scale.  The 
higher  the  animal,  the  more  fatal  the  effects,  the  immediate  disturb- 
ance more  severe,  the  return  of  function  slower,  and  the  permanent 
loss  greater.  The  long  life  of  Goltz's  dog  was  doubtless  due  to  the 
fact  that  the  removal  was  accomplished  by  several  operations. 

The  higher  animal  loses  just  those  characters  which  distinguish 
it  from  the  lower  ones.  It  is  difficult  to  prophesy  what  would 
happen  if  as  extensive  operations  were  carried  out  in  a  monkey  or  a 
man.  But  so  far  aa  extirpation  has  been  observ^ed,  the  initial  paralysis 
(which  is  seen  also  in  the  dog)  does  not  disappear  so  rapidly  or  so 
completely.    In  man,  the  tendency  to  recover  is  least 

This  is  anatomically  explicable  when  we  remember  that  the 
anterior  horn  cells  are  influenced  chiefly  by  two  sets  of  impulses, 
those  which  enter  the  cord  by  the  posterior  roots,  and  those  which 
come  down  from  the  cerebrum  by  the  pyramidal  tracts.  In  the  lower 
animals  the  pyramidal  pathway  is  insignificantj  and  when  it  is  inter- 
rupted the  disturbance  is  consequently  slighL  In  animals  below 
the  mammals  it  is  absent,  and  going  up  the  mammaUan  scale  it 
becomes  more  and  more  important,  as  the  following  figures  show : — 

III  tbe  motise  the  pyramidal  fibres  constitute  1*14  per  cent  of  those  in  the  cottl 
,,      guinea-pig     ,*  „  S-0  „  „ 

„      rabbit  ft  it  5*3  „  *, 

I*      Cat  ,t  fi  i  fv  Yif  fi 

„      man  „  ,«  ll'S7  it  %* 

We  can  therefore  quite  readily  understand  that  in  the  apes  and 
in  man,  a  damage  to  the  cortex  which  causes  degeneration  of  these 
tracts  will  cut  off  many  impulses  to  the  anterior  cornual  cells,  and 
produce  a  greater  or  less  degree  of  paralysis. 

There  are  S 0,000  fibres  in  eacli  pyramidal  tract  of  the  human  cord.  They  are, 
moreover,  not  the  only  tracts  which  connect  the  cerebrum  to  the  spinal  cord,  and 
Bectioii  of  these  other  tracts  (see  p*  623}  may  produce  more  inark«.'d  and  more 
perumnent  parai3'6is.  In  nian,  it  appears  that  when  tlie  pyramidal  trewta  are 
diseased,  it  is  the  finer  and  more  deticntc  moTements  which  are  permanenttv  lost, 
CSchiferO 

We  have  already  pointed  out  (p.  701)  that  the  size  of  the  cortical 
areas  does  not  vary  with  the  mere  mass  of  the  muactos  under  control, 
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but  with  the  increasing  complexity  and  delicacy  of  the  movement; 
(compare  in  fig.  498  the  relative  size  of  the  areas  which  control  the 
trunk  muscles  and  the  finger  movements ).  It  is  juafc  these  move- 
ments which  are  most  affected  by  a  cortical  injury,  and  which  exhibit 
least  recovery ;  in  the  upper  limb,  for  instance,  the  shoulder  muscles 
win  be  the  least,  and  the  hand  the  most,  paralysed. 

On  the  sensory  side  of  the  cortex,  vision  alone  can  be  analysed 
with  sufficient  accuracy*  The  lower  the  animal  in  the  series,  the 
more  readily  can  its  actions  be  controlled  by  sensory  impulses  which 
have  not  passed  through  the  cortex  cerebri.  A  decerebrated  bony 
fish  can  distinguish  colours,  a  frog  can  catch  flies,  even  a  pigeon  will 
select  its  perch,  though  it  takes  no  notice  of  food  or  of  people  who  try 
to  frighten  it.  A  dog  similarly  operated  on  is  practically  blind, 
though  it  will  blink  at  a  bright  flash  of  light.  In  the  lower  animals 
the  impulses  pass  in  to  the  primary  visual  centre  which  acts  as  the 
centre  for  the  reflex;  the  higher  we  ascend  the  animal  scale,  the 
path  vid  the  cortex  becomes  more  permeable,  of  greater  value  or 
even  indispensable,  and  the  reflexes  through  the  lower  centres  of  less 
importance;  not  only  so,  but  there  are  subdivisions  of  the  visual 
cortical  area,  which  correspond  to  different  regions  of  the  retinm. 

In  Uie  ftshes  which  have  no  cortex  cerebri,  the  optic  lobes*  aniitajp:ous  to  the  C, 
quadiigexnina,  are  the  centres  for  vision.  In  some  fuihes,  a  stjuiU  ixunit>er  of  the 
fibres  of  tlie  optic  nerv€  pass  into  the  geniculate  body,  which  forma  a  cell  station  on 
the  road  to  the  posterior  region  of  the  cerebrum,  where  a  prrmitive  cortex  bejdns  to 
appear.  On  ascending  the  animat  scale,  this  group  of  fibres  becomes  more  atitl  more 
abundant,  and  this  part  of  the  cortex  Ijecomes  more  el ■* borate  in  structure.  When 
we  reach  the  monkeys,  thL-i  part  of  the  brain  is  cut  off  from  the  rest  to  form  a  dh- 
tinct  occipital  lobe  by  the  parieto-occip'ital  fissure^  which  is  frequently  called  the 
Affeuspalte  (ape's  split).  At  first  this  iobe  rs  smootiv  (fi|r-  497,  p.  699),  but  ns  the 
great  parietal  association  centres  get  larger  with  increase  of  ititeUigente,  the  visuo- 
sensory  area  is  pushed  back,  and  is  thus  Uirown  into  folds.  In  the  highest  ajies, 
and  in  the  Ic^wer  nices  of  mankind*  a  good  deal  of  the  visuo-senfiorj'  sphcrr  is  still 
seen  ori  the  external  cerebral  surface  i  but  in  the  hig'her  mees,  most  is  pushed  round 
on  to  the  uiesial  surface  (area  4,  figs.  506,  507,  p.  710)l  This  ealmrina  arm  is  belter 
nainetl  the  striaU  nr^,  because  it  is  ehametensed  by  tite  white  stripe  called  the  line 
of  Gen  nan  (see  p,  70S). 

Some  animals  have  panoramic  and  others  rf^ra<wrojJi>  vision.  The  former 
{mainly  vegetable  feeders)  have  eves  set  laterally 4  each  eye  receives  a  different 
picture,  and  the  decussation  of  the  optic  nerves  is  complete;  each  eye  sends 
impulses  to  the  opposite  hemisphere.  Animals  with  stereoscopic  vision  have  the 
eye^,  as  in  man,  in  front,  and  the  op  tie  axes  can  lie  converged  so  that  an  object  is 
focussed  with  both  eyes.  This  Incomes  necessary  in  carnivora,  which  have  to  eateh 
moving  prey;  the  more  complex  the  movements  of  the  fore-limb,  the  greatep 
becomes  the  necessity  for  fixation  of  the  eves  to  guide  them.  In  such  animals  each 
visual  area  corresponds  with  the  sitrae  hal/of  bo&  retina*,  that  is*  with  the  opposite 
half  of  the  visual  field ;  the  lower  half  of  each  area  corres|x>nds  witJ;  the  upper  half 
of^u^h  half  field  of  vision,  and  t^ke  vwsih  The  appearance  of  the  macula  lutea  {with 
cortical  representation  in  both  hemispheres)  in  the  primates  Is  the  culuiinating  point 
in  visiial  development  among  the  miimmal^. 

A  man  or  an  animal  who  loses  both  eyes  is  blind,  but  in  time  manages  to  find 
his  way  about.  I'his  is  not  the  ease  when  bUndncss  is  produced  by  rcmnva)  or 
disease  of  both  occipital  lobes;  here,  the  sense  of  orientation  Is  lost  also,  fi>r  the 
association  of  mapy  e^ential  sensory  and  motor  impulses  is  then  impossible- 
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Before  passing  to  the  study  of  the  various  special  senses,  there  are 
a  number  of  general  considerations  in  connection  with  the  subject  of 
seusation  that  demand  our  attention. 

The  psjchologiBt  divides  the  mental  phenomena,  which  the 
physiologist  localises  in  the  brain,  into  three  main  categories : — 

1.  Intdhctual:  perceiving,  remembering,  reasoning,  etc, 

2.  Mmotifmal :  joy,  love,  hate,  anger,  etc, 

3.  VblitioTial :  purposing,  deliberating,  doing. 

These  are  all  closely  connected  together,  and  are  all  present  in 
each  healthy  brain ;  but  according  as  one  or  other  may  predominate, 
we  speak  of  intellectual,  emotional,  or  strong-willed  individuals. 
The  connection  is  especially  close  between  intellect  and  will,  which 
represent  as  it  were  the  two  sides  of  what  we  may  call  a  conscious 
reflex  action ;  the  intellect  gives  the  reason  or  stimulus  for  the 
exercise  of  the  voHtional  power.  The  emotions  are  more  complex 
mental  processes,  in  which  sensations  predominate. 

The  intellectual  faculties  are  derived  from  the  senses ;  sensations 
form  the  materials  for  intellect ;  in  other  words,  we  know  and  learn 
from  what  we  see,  feel,  hear,  taste,  and  smell.  People  bom  blind  or 
deaf  thus  labour  under  the  great  disadvantage  of  having  one  or  the 
other  channel  of  knowledge  closed ;  they  can,  however,  make  up  for 
this  in  some  measure  by  an  education,  and  consequent  increased 
sensitiveness  of  the  channels  that  remain  open. 

The  simplest  mental  operation  is  a  senBation — that  is,  the 
conscious  reception  of  an  impression  from  the  external  world.  For 
this  the  following  things  are  necessary : — 

1.  A  stimulus, 

2.  A  nerve-ending  to  receive  it, 

3.  A  path  to  the  brain. 

4.  A  part  of  the  brain  to  receive  the  impulse. 

Partly  through  congeuital,  partly  through  acqiiireil  experience, 
the  brain  refers  the  sensation  to  the  nerve-endk^  which  received 
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the  stimulus;  thus  pain  in  the  finger  is  referred  to  the  finger, 
the  sight  of  an  object  to  the  eyes,  etc.  If  the  ulnar  nerve  is 
stimulated  by  a  knock  on  the  elbow,  the  senaation  is  referred  to 
the  fingers  where  the  nerve  is  distributed ;  if  the  stump  of  a  recently 
amputated  leg  be  stimulated,  the  brain  not  having  got  used  to  the 
new  condition  of  things,  refers  the  sensation  to  the  toes,  which  still 
seem  to  be  present. 

Perception  is  a  more  complicated  mental  process ;  it  consists  in 
the  grouping  of  sensations  into  a  presentation  of  the  object  from 
which  they  arise,  and  which  is  called  the  perc^t  The  smell,  the 
taste,  the  colour,  etc.,  of  an  orange  are  all  sensations  ;  the  grouping 
of  these  together  constitutes  the  perception  of  an  orange.  Each 
mental  process  leaves  an  impress  on  the  mind ;  these  impressions 
allow  of  memory,  or  r^reseniaHve  iifiagiimtion ;  this  may  be  repro- 
ductive, as  in  recalling  a  fneud's  face ;  or  constructive,  as  in  picturing 
the  face  of  an  historical  person. 

During  the  whole  operation,  moreover,  there  must  be  attention ; 
it  is  quite  possible,  for  instance,  in  a  dreamy  person,  that  he  may 
look  at  a  thing  without  seeing  it,  or  be  present  at  a  lecture  without 
hearing  it. 

The  more  complect  inteUectiial  operations  consist  in  the  forma- 
tion of  miu&pis,  and  reasoning  is  the  grouping  and  discrimination  of 
conceptions*  Just  as  perception  is  built  up  of  sensations,  so 
conception  is  built  up  of  perceptions.  Thus  the  orange  of  our 
previous  example  is  learnt  to  be  one  of  similar  substances  called 
fruits ;  fruits  to  be  products  of  the  vegetable,  as  distinguished  from 
the  animal  world,  and  so  on. 

In  the  mental  development  of  a  child,  it  is  very  doubtful  whether 
he  ever  experiences  the  individual  sensations,  of  which  for  descrip- 
tive purposes  we  have  assumed  a  perception  is  built,  although  of 
course  it  is  only  by  education  that  he  learns  what  these  sensa- 
tions correspond  to  in^  the  external  world,  and  how  they  may  be 
classified.  From  the  first,  perceptions  and  conceptions  find  an  outlet 
in  motor  activity;  at  length  the  conscious  realisation  of  ideas  of 
movement  culminate  in  the  purposeful  actions  of  volition.  More- 
over, every  experience  contains  its  own  (^imntum  of  pain  or  pleasure, 
and  produces  reflex  conteactions  or  relaxations  in  vascidar  and  other 
tissues,  wldch  in  their  turn  possess  a  painful  or  pleasurablo  com- 
ixjnent.  So,  too,  ideas  acquire  their  colouring  of  pain  or  pleasure, 
ultimal-ely  elaborating  the  complex  emotions  of  sorrow,  joy,  etc. 

The  nerve-endings  that  receive  the  impression  from  the  external 
world  are  of  various  kinds,  They  may  be  simply  ramifying  and 
interlacing  plexuses  of  nerve-fibrils,  as  in  the  cornea,  parts  of  the 
skin,  and  in  the  interior  of  the  body ;  this  kind  of  nerve-ending  is 
chiefly  associated  with  general  MnmhUUyt  that  vague  kind  of  sensa* 
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&ion  which  cannot  be  put  under  any  of  the  special  headings — mgt^t, 
bearing,  labyrinthine,  taste,  smell,  touch,  temperature,  et^;*  The 
nerve-endings  of  the  nerves  of  special  sense  are  usuallj  end-oijani 
of  a  specialised  kind  The  most  frequent  kind  of  sensorj  and-orgsn 
is  made  of  what  is  called  Jurve-epithcHum  ;  certain  epithelial  oelb  of 
the  fiurface  of  the  body  become  peculiarly  modified^  and  grouped  m 
special  ways  to  receive  the  impressions  from  the  outer  world ;  these 
send  an  impulse  into  the  arborisations  at  the  termination  of  the 
axis-cylinders  of  the  nerves  which  envelop  the  cells.  One  of  these 
varieties  of  nerve-epithelimn  we  have  already  made  the  acquaintance 
of,  in  the  hair-cells  of  the  semicircular  canals ;  we  shall  find  other 
kinds  in  the  hair-cells  of  the  cochlea,  in  the  rods  and  cones  of  the 
retina*  etc. 

Fain  may  be  due  to  an  excessive  stimulation  of  the  other  densory 
nerves,  but  there  is  evidence  that  it  is  a  distinct  seneatioiL  ThuB 
in  some  cases  of  diseasea  of  sensory  channels,  tactile  sensation  may 
be  intact,  but  sensitiveness  to  pain  absent,  and  vim  vm^sd ;  (see 
p  679  and  also  p,  740). 

The  other  essential  anatomical  necessities  for  a  sensation  are  the 
channels  to  the  brain  with  their  numerous  cell-stations  on  the  road, 
and  the  parts  of  the  brain  to  which  these  tracts  pass.  Blindness,  for 
instance,  may  not  only  be  due  to  disease  of  the  eye,  but  also  to 
disease  of  the  optic  nerve,  or  of  the  parts  of  the  brain  to  which  the 
optic  nerve  passes> 

A  small  stimulus,  or  a  small  increase  or  decrease  in  a  big  stimuluB, 
will  have  no  effect;  a  light  touch,  a  feeble  light,  a  gentle  sound,  may 
be  so  slight  as  to  produce  no  effect  on  the  brain.  The  smallest 
stimulus  that  produces  an  effect  is  called  the  lower  limit  of  exmiaiiim 
or  the  liminal  (from  limen,  a  threshold)  intensiiy  of  ike  ^ensalian. 
The  height  of  sensibility  or  maximum  of  excitation  is  a  stimulus,  so 
strong  that  the  brain  is  incapable  of  recognising  any  increase  in  it; 
a  bright  light,  for  instance,  may  be  so  intense  that  any  increase  in 
its  brightness  is  not  perceptible.  Between  these  two  extremes  we 
have  what  is  called  the  range  of  sciis^lity.  Most  of  our  ordinary 
sensations  fall  somewhere  about  the  middle  of  the  range,  and  Wehm^i 
law  (as  expanded  by  Fech7i€r)  is  a  law  that  regulates  the  proportion 
between  the  stimulus  and  the  sensation,  and  which  is  operative  for 
this  region  of  the  range  of  sensibility.  In  general  terms  it  may  be 
stated  that  sensations  increase  as  the  logarithm  of  the  stimuli; 
or,  in  order  that  the  intensity  of  a  sensation  may  increase  in 
arithmetical  progression,  the  stimulus  must  increase  in  a  geometrical 
progression, 

A  definite  example  will  help  us  to  understand  these  mathemati- 
cal terms  a  little  better.  We  will  select  our  example  from  the 
sense  of  vision,  because  the  intensity  of  the  cause  of  visual  sensa* 
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tiona,  light,  is  easily  measurable.  Suppose  a  room  lighted  by  100 
candies,  aod  one  candle  more  is  brought  in,  the  increase  of  light  pro- 
duced by  the  extra  candle  is  quite  perceptible  to  the  eye  j  or  if  a 
candle  were  removed,  the  decrease  in  light  would  be  perfectly 
appreciable.  Next  suppose  the  room  lighted  by  1000  candles,  and 
one  extra  was  brought  in,  no  difference  would  be  seen  in  the  amount 
of  illuminatioD ;  in  order  to  notice  increase  or  decrease  in  the  light 
it  would  be  necessary  to  bring  in  ten  extra  candles,  or  take  away 
ten  of  the  candles,  as  the  case  might  be.  In  each  case  an  increment 
or  decrease  of  one*hundredth  of  the  original  light  is  necessary  to 
cause  an  increase  or  diminution  in  the  sensation. 

This  is  after  all  a  perfectly  familiar  fact ;  a  farthing  rushlight 
will  increase  the  illumination  in  a  dimly-lighted  cellar,  but  it  makes 
no  apparent  difference  in  the  bright  sunshine. 

The  magnitude  of  the  fraction  representing  the  increment  of 
stimulus  necessary  to  produce  an  increase  of  sensation  determines 
what  is  called  the  discrimiTiative  senMbiliiy.  This  fraction  differs 
considerably  for  different  sense-organs;  thus: — 

For  light  it  is  t+f, 

For  weight  it  \b  ^^  to  -^  for  different  muscles. 

For  tactile  pressiure  gV  to  ^V  i^  different  parts  of  the  body. 

Another  general  consideration  in  connection  with  sensation  is 
that  the  sensation  lasts  longer  than  the  stimulus ;  a  familiar  instance 
of  this  is  the  sting  after  a  blow.  The  after-sensations,  aa  they  are 
called,  have  been  specially  studied  in  connection  with  the  eye  (see 
After-images). 

SuhjecHm  sensatwns  are  those  which  are  not  produced  by  stimuli 
in  the  external  world,  but  arise  in  one's  own  inner  consciousness ; 
they  are  illustrated  by  the  sensations  experienced  during  sleep 
(dreams),  and  in  the  hallucinations  to  which  mad  and  delirious  people 
are  subject 

Homologous  stimuli. — Each  kind  of  peripheral  end -organ  is  epeci* 
ally  soited  to  respond  to  a  certain  kind  of  stimulus.  The  homo- 
logous stimuli  of  the  organs  of  special  sense  may  be  divided  into  :— 

1,  Vibrations  set  up  at  a  distance  without  actual  contact  with 
the  object;  for  instance,  light  and  radiant  heat. 

2,  Changes  produced  by  actual  contact  with  the  object;  'or 
instance,  in  the  production  of  sensations  of  taste,  touch,  weight,  and 
alteration  of  temperature  by  conduction ;  in  the  case  of  the  olfactory 
end-organs,  the  sensation  is  also  eseited  by  material  particles  given 
off  by  the  odoriferous  body,  and  borne  by  the  air  to  the  nostriis.  n 
sound  also,  though  there  is  no  actual  contact  of  the  ear 


with  the 


vibrating  body  which  emits  the  sound,  the  organ  of  hearing  is  excited 

by  waves  of  material  substance,  first  of  air,  then  of  bones,  then  ot 

bendolymph,  and  these  excite  the  nerve-endingB  of  the  intemai  ear. 
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When  the  eye  13  excited  by  any  other  kind  of  atimidus  than  by 
light,  which  i&  its  adequate  or  homologous  stimiiluB,  the  sensation 
experienced  ia  light  all  the  same ;  for  instance,  one  sees  sparks  when 
the  eyeball  is  struck;  singing  in  the  ears,  the  result  of  an  accumula- 
tion of  wax  against  the  membrana  tympani,  is  a  similar  example. 

It  has  been  iafeired  that  there  are  separate  nerve-fibreB  for  the 
conveyance  of  each  kind  of  sensation,  and  Johannes  Miiller  expressed 
this  idea  in  what  is  known  as  the  law  of  specific  nerTm  ener^,  H© 
pointed  out  that  the  same  nerve  may  be  stimulated  by  mechanical  or 
electrical  means  as  well  as  in  the  normal  physiological  manner,  and 
that  in  all  cases  the  sensational ight,  sound,  taste,  contact,  etc.,  as 
the  case  might  be — ^is  the  aama  Hence  it  was  argued  that  the 
psychical  effect  or  sensation  is  independent  of  the  nature  of  the 
stimulus,  but  dependent  on  the  nature  of  the  activity  of  the  central 
cells  among  which  the  afferent  fibres  terminate.  We  have  no  observa- 
tions which  can  decide  whether  the  ner^^e  impulses  passing  along 
the  optic  fibres  are,  for  instance,  similar  to  or  different  from  those 
which  are  transmitted  by  the  auditory  fibres.  The  experiments  of 
Langley  and  others  on  nerve-crossing  (p.  173)  would  seem  to  indicate 
that  the  nervous  impulse  is  an  identical  process  in  aU  nerves. 

It  i^,  however,  possible  that  in  the  nerves  of  cutaneous  seusation,  the  psychical 
process  is  determined  by  the  nature  of  the  peripheral  stimulus,  and  consequently 
different  branches  of  the  same  nerve-fibres  inay  be  imaj^ed  to  be  susceptible  to 
diffet^nt  fonns  of  stimulation,  and  thus  two  different  sensations  foUox^'  n'ont  the 
partial  stimulation  of  the  same  nerve-fib i-es,  Herinp  even  argues  in  favour  of  the 
view  that  the  nerve  impulse  has  clifierent  characters  in  different  afferent  nerves,  aad 
further  tlmt  it  may  be  modijied  by  the  nature  of  the  normal  stimulus  («,r/,^  in  the  skin* 
heat*  cold,  pain»  or  pressure),  tn  the  absente  of  direct  experimental  proof  of  such 
an  idea^  it  is  difficult  to  see  upon  what  grounds  it  i.'&q  rest, 
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The  tactile  end-organs  are  of  numerous  kinds,  but  the  following  are 
the  principal  ones  :— 

Pacinian  Corpuscles.— These  are  named  after  their  discoverer 
Pacini  They  are  little  oval  bodies,  situated  on  some  of  the  cerebro- 
spinal and  sympathetic  nerves,  especially  the  cutaneous  nerves  of 
the  hands  and  feet,  where  they  Ue  deeply 
placed  in  the  true  skin.  They  also  occur 
on  the  nerves  of  the  mesentery  of  some 
animals  like  the  cat.  They  have  been  ob- 
served also  in  the  pancreas,  lymphatic 
glands  and  thyroid  glands,  as  well  as  in  the 
penis.  They  are  about  ^ir  i^<^^  long.  Each 
corpuscle  is  attached  by  a  narrow  pedicle  to 
the  nerve  on  which  it  is  situated,  and  is 
formed  of  several  concentric  sheaths  of  con- 
nective-tissue, each  layer  being  lined  by 
endothelium  (figs.  617,  518);  through  its 
pedicle  passes  a  sbgle  nerve-fibre,  which 
loses  its  medullary  sheath  and  enters  a 
central  core,  at  or  near  the  distal  end  of 
which  it  terminates  in  an  arborisation.  Some 
of  these  layers  are  continuous  with  those 
of  the  perineurium,  but  some  are  super- 
added. In  some  cases  two  nerve-fibres 
have  been  seen  entering  one  Pacinian  body, 
and  in  others  a  nerve-fibre  after  passing 
through  it  has  been  observed  to  terminate 
in  a  second. 

The  corpuscles  of  Herbst  (fig,  519)  are 
closely  allied  to  Pacinian  corpuscleSj  except  that  they  are  smaller 
and  longer,  with  a  row  of  nuclei  around   the  central  termination 
of   the  nerve  in   the  core.    They  have  been  found  chiefly  in  the 
tongues  and  bills  of  ducks. 
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Boij^-bulba  are  found  in  the  oonjimotiva  (where  in  m&n  they  are 
spheroidal^  but  in  moet  animals  oblong),  in  the  glanB  penis  and 

clitoris,  in  the  skm,  in  the  lipa»  in 
the  epineuriiim   of  nerve-trimks, 
and  in  tendon ;    each  is  about  ^^ 
y  vjy  inch  m  diameter,  oval  or  spheroidal. 
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and  ia  composed  of  a  medullated 
nerve-  fibre,  which  terminates 
among  cells  of  various  shapes.  Its 
capsule  contains  a  transparent  or 
striated  core,  in  the  centre  of 
which  the  axis-cylinder  terminates 
(fig,  520> 

Touch-corpuscles  (Meissoer'a 
eorpuBcles),  (figa.  521,  523)^  are 
found  in  the  papillae  of  the  skin 
of  the  fingers  and  toes.  They  are 
oblong,  about  ^J^  inch  long,  and  ^rJu  l^^h  broad,  and  composed 
of  connective-tissue,  surrounded  by  elastic  fibres  and  a  capsule  of 
nucleated  cells.  They  do  not  occur  in  all  the  papOloe  of  the 
parts  where  they  are  found,  and,  as  a  rule,  in  the  papillae  in  which 
they  are  present  there  are  no  blood-vessels. 


pta.  bl  7  .^^  Pocltil  An  corpiualA  of  the  cat's  meaina' 
teTT>  The  itfilk  ccnuiBri  of  m  pBn'^flbE«(N> 
with  LtA  tblck  tauter  shentb.  The  ;«rEpli8nil 
i-jL|isu.loa  dT  thtt  PftdnlKD  (.-omuscle  an  ccm- 
tlDaoua  witk  th«  outer  ahestri  of  the  vtallc, 
Thff  lAtemiedlArx  pmt  bsoumitt  much  h&t* 
TO  war  DBftf  th»  «eitf«Qti«  of  the  Aidi-cj^lindet 
tnto  tbft  (tlear  «iatn,l  con.  A  liuok-fihApe*! 
ternilnatlon  (T^  If  eeen  in  the  tipp«r  {KfL  A 
blood  ■Tewel(V)e]]tei»  the  Puitumii  corposdei 
mud  approaube*  the  em  J ;  It  [mmmmbi  a  sbeAtb 
wbJcb  la  the  coathmatloQ  of  the  perlphenl 
copsiilea  of  t^e  PjaciiUan  eonamcj*.  %  100, 
(Klehi  Ami  Nubl«  Hmjth.) 
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are  contained  within  a  delicate  nucleated  sheath.  The  nerve  enters 
on  one  side,  and,  laying  aside  its  medullary  sheath,  terminatea 
between  the  cells  in  tiattened  expansions. 


r> 


Fia.  523.— A  cgrpufclo  of 
Otaudty,  from  Uw 
tongtia  of  A  duck. 


Fto,  B^.— A  toacb^jorpttfide  Crutn  tht  akin  of  tfw 
hcimftii  band,  lUloAd  with  gold  cliloridfl. 


Sensory  nerve  -  endings  In  muscle,  —  Nerve  terminationa, 
sensory  in  fimctioni  are  found  in  tendon.  Some  of  these  are  end- 
bulbs,  and  others  appear  very  much  like  end-platea,  as  represented  in 
figa  524  and  525.     The  mura-mmGular  ^truilmt  which  are  described 


r-i'^f^f^'^j'  r\ 


U-  -I 


Fio*    flS4.— Teniiinaticia    ai    modtUlmtad 


end- ij  lata.    (OtJJgl.) 


on  p.  86,  are  principally  found  in  muscles  in  the  neighbourhood  of 
tendons  and  aponeuroses.  One  of  these  spindles  is  shown  in  the 
accompanying  drawing  (fig,  526)* 

The  principal  grounds  for  believing  the  neuro-muscnlar  spindles 
to  be  sensory  are,  first,  that  the  nerve-fibres  that  supply  them  do 
not  degenerate  when  the  anterior  roots  of  the  spinal  nerves  are  cut, 
and  secondly,  that  they  do  degenerate  when  the  posterior  roots  are 
divided  (Sherrington).     They  also  imdergo  degenerative  changes  in 
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locomotor  ataxy,  wMch  is  a  disease  of  the  sensory  nerve-units,  and 

remain  healthy  in  infantile  paralysis,  which  is  a  disease   of  the 
motor  cells  of  the  anterior  horn  of  the  cord  (Batten), 

\ 


Si 


m.nJt 


p-.t 


s.e. 


Ftn.  A:^,— Nfliuo-miuculu  ipiDdle.    <f.,  Ciip«ul«;  n.ir«i  iierv«  tfimki  nwA.b.p  motor  oarri  bmuUtt^ 
pt.t.,  p1ate<flndJLDs;  pf*^^  primuy  nurye-eiidiitg ;  i.e.,  McaoAiay  sudlnf,    (Aftsr  RtLfflnL) 

In    addition    to    the   sp^ial    end-organs,  sensory  fibres    may 
terminate  in  plexuses   of  fibrils,  as   in 
the  sub-epithelial  and  the  intra-epithelial 
plexus    of    the    cornea    (tig,    527)     and  Vi;;^fe^ 

around  the   hair    follicles    in    the   skin  ^'  'Vrt:^ 

generally*  In  some  cases  the  nerve-fibrUa 
within  a  stratified  epithelimn  end  in 
creacentic  expansions  {taciih  discs)  which 
are  applied  to  the  deeper  epithelium 
cells.  These  are  well  seen  in  the  skin 
of  the  pig's  snout. 


Localieation  of  Tactile  Sensations. 


The  localisation  of  a  tactile  sensation 
ifl  of  two  kinds^  absolute  and  relative 
AVe  can  localise  a  touch  on  the  arm 
abmlui€ly  by  indicating  the  exact  spot 
which  has  been  touched,  or  we  may 
localise  it  Tdalimly  to  another  spot  on 
the  arm  which  is  simultaneously  or  suc- 
cessively touched,  Generally  speaking, 
the  delicacy  of  these  two  kinds  of  locali- 
sation are  similarly  variable  in  difierent 
parts  of  the  body.  The  simplest  ex- 
periments which  have  been  made  to 
determine  the  spatial  relationships  of 
the  cutaneous  sense  consist  in  touching 

the  skin,  while  the  eyes  are  closed,  with  .         , 

the  points  of  a  pair  of  compasses,  and  in  aacertaiJiiBg  how  close  tiie 
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rtmm  m»f  Ukam^tamA  tahit,  ami  aOi  be  felt  u  ciro  pqintt. 
(W«bK)    Afa«nRlti«Rtf  faQov:— 

irf>^»^^     ■      .      ■      ■      .      .    vH^k         1.^ 

i^h^ad ti    „  m     ^ 

* '     ■  24    ^  «     ^ 

Moreofo^  m  tbe  case  of  the  limte,  it  was  found  that  before  Ibej 

two,  tlie  pQinta  of  tli0«iBp«Aei  had  to  be>W£^ 

the  Hne  joiiiii^  tliem  was  in  the  Img  axis  of  tiie 

limb,  than  when  in  tiio  toaaarerae  difeclioii. 

We  maj  lliot  aaannio  Ihat  mtaale  aieaa  of  tba  body  stirlaoe  bare 
oaeh  their  "  loeal  a^"*  ijL,  ^  annnatiiwi  anai^  btm  stmmlatiao  of 

differs  in  aomo  ofaaemo  qnali^  from  Iho 
Irotn  alimolatiim  ot  ne^bonzhig  at»aa^  thenbjr  aoqnmi^  tin  own 
apftliaJ  oolooziog  which  eomblea  oa  to  identify  the  area  when  stini  ulatcd 
The  dtffbienGe  of  to^  dgn  belwoan  two  near  points  mar  be  imper- 
oeptibla  in  one  region  of  the  bodj»  but  faUj  reeogniaable  in  another. 
AgaiD^  the  deticacj  of  the  sense  of  touch  mar  be  veij  moch  incieaaed 
by  practioe,  A  familiar  iilostration  oocutb  in  the  case  of  the  blind. 
whO|  by  constant  practice,  can  aoqniie  the  power  of  reading  falsed 
letters,  the  farms  of  which  are  almoet  if  not  qoite  nndisttngniahaUe 
by  the  sense  of  touch  to  an  ordinary  person. 

The  power  of  correctly  localising  sensations  of  touch  is  gradnaliy 
derived  from  experience.  Thus,  infants  when  in  pain  simply  cry 
but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
child  or  adult  would,  on  account  of  their  imperfect  knowledge 
of  its  exact  situation  As  education  proceeds  the  brain  gets  to 
know  more  and  more  accurately  the  surface  of  the  body,  and  the 
map  of  the  surface  in  the  brain  k  most  accurately  known  where 
there  is  most  practice  of  the  sense  of  touch. 

The  different  degrees  of  sensitiven^s  posaessed  by  different  parts 
may  give  rise  to  errors  of  judgment  in  estimatiog  the  distance 
between  two  points  where  the  skin  is  touched.  Thus,  if  the  blunted 
points  of  a  pair  of  compassea  (maintained  at  a  constant  distance 
apart)  are  slowly  drawn  over  the  skin  of  the  cheek  towards  the  lips, 
it  is  almost  impossible  to  resLSt  the  conclusion  that  the  distance 
between  the  points  is  gradually  inereasiiig.  When  they  reach  the 
lips  they  seem  to  be  considerably  furtlier  apart  than  on  the  cheek. 
Then,  too,  our  estimate  of  the  size  of  a  cavity  in  a  tooth  is  usually 
eicaggerated  when  baaed  upon  sensations  derived  from  the  tongne 
alone.  Another  curious  illusion  is  the  following  :^ — If  we  close 
the  eyes,  and  place  a  marble  between  the  crossed  fore  and  middle 
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fingers,  we  seem  to  be  touching  two  marbles.  This  illusiou  is  due 
to  an  error  of  judgment.  The  marble  id  touched  by  two  eurfaces 
which,  under  ordinary  eircurastances,  could  only  be  touched  by  two 
separate  marbles;  hence,  the  mind,  taking  no  cognizance  of  the  fact 
that  the  fingers  are  crossed,  forms  the  conclusion  that  the  two 
sensations  are  due  to  two  marbles. 


Varieties  of  Cutaneous  Sensations. 

The  aurfaee  of  the  skin  is  a  mosaic  of  tiny  sensorial  areas ;  but 
these  areas  are  not  set  edge  to  edge  as  in  the  retina^  but  separated 
by  relatively  wide  intervals  which  are  not  sensitive  to  stimuli  just 
above  liminal  intensity.  If  tho  stimuli  are  made  nearly  minimal, 
the  individual  fields  are  reduced  to  small  spots.  Each  of  these  spots 
subserves  a  specific  sense,  touch,  cold,  heat  or  pain,  and  each 
doubtless  coincides  with  the  site  of  some  special  end*organ,  placed 
either  singly  or  in  clusters-  The  "touch  spots"  "cold  spots," 
"heat  spots,"  and  "pain  spots"  are  intercommingled*  In  some 
districts  one  variety  predominates,  in  others  another.  '*  Pain  spots  " 
are  the  most  and  "heat  spots"  the  least  numerous.  It  is  a 
matter  of  common  experience  that  the  sensitiveness  of  these  varieties 
of  cutaneous  sensation  differs  in  different  parts  of  the  body.  The 
tip  of  the  finger  which  is  very  sensitive  to  the  true  tactile  sense 
(sense  of  pressure  or  contact)  is  not  nearly  so  sensitive  to  alterations 
of  temperature  as  the  forearm  or  cheek  to  which  a  washerwoman 
generally  holds  her  iron  when  forming  a  judgment  of  its  temperature. 
Some  parts  of  the  skin  are  more  sensitive  to  pain  than  others,  and 
in  the  cornea  we  have  an  instance  of  a  surface  in  which  "  pain  spots  ** 
alone  are  present. 

For  the  more  accurate  exploration  of  the  skin  msikmomtlBTs  of 
various  kinds  have  been  invented.  The  sense  of  pressure  may  be 
estimated  by  the  ability  of  the  skin  to  distinguish  different  weights 
placed  upon  it;  there  must  be  no  lifting  of  the  weight,  or  the 
motorial  sense  is  brought  into  play.  The  fraction  which  by  Weber's 
law  represents  the  discriminative  sensibility  (see  p.  731)  varies 
from  gV  to  more  than  ^  in  different  parts  of  the  body.  It  does  not, 
however,  follow  that  the  acuteneas  of  the  pressure  sense  varies 
exactly  as  the  ability  of  accurately  localising  sensations ;  for  instance, 
the  skin  of  the  forearm  is  as  sensitive  to  pressure  changes  as  that 
of  the  palm ;  and  the  tip  of  the  tongue,  which  is  the  most  discrimi- 
native region  of  the  body  for  locality,  is  not  so  for  pressure.  For 
pressure  stimuli  which  are  near  the  limen  or  threshold  of  sensation, 
the  hair  eesthesiometer  is  much  used;  this  m  a  hair  or  bristle 
mounted  in  a  holder;  the  bristle  can  be  shifted  backwards  or  for- 
wards in  the  holder,  and  the  amount  of  pressure  it  eitercises  can 
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thus  be  varieA  It  is  used  for  the  exploration  of  ''  touch  spots/'  and 
these  are  found  most  numerouslj  around  the  hair  follicles.  The 
toui^h  spots  aro  more  niunerous  in  some  parts  than  in  others,  but 
fifteen  for  each  square  centimetre  of  skin  is  a  rough  average.  To 
explore  "pain  spots"  a  mounted  needle  is  used-  in  Griesbach's 
instrument  the  needle  shifts  up  and  down  in  the  holder,  and  works 
against  a  spring  which  registers  the  amount  of  pressure  exerted  to 
evoke  a  painful  sensation.  In  a  "pain  spot"  the  sensation  is 
unaccompanied  by  "cold"  or  "heat/'  even  if  a  cold  or  hot 
needle  is  usei     For  the  exploration  of  "  heat  spots  *'  a  small,  hollow, 

metallic  pencil  is  kept  warm  by  a  stream 
of  warm  water ;  this  is  moved  over  the 
surface;  there  are  some  points  where 
the  sensation  is  purely  tactile,  but  at 

P-Hujaip  p-ii™      jLj^  the  "heat  spots"  the  pencil  will  feel 

J  /fiplTS  iRillfl       uncomfortably   warm.      "Cold    spots" 

•  ^  JilteffliSiffl    S^illli      <^^^  be  similarly  mapped  out  by  the  use 

of  a  cold  pencil  The  accompanying 
figure  (%  52S)  indicates  a  small  piece  of 
the  skin  of  the  thigh ;  the  areas  where 
heat  spots  are  numerous  are  shaded 
horizontally ;  the  areas  where  cold  spots 
are  numerous  are  shaded  vertically. 

All  these  facts  clearly  indicate  that 
different  varieties  of  sensation  are  the 
result  of  the  stimulation  of  different  end-organs,  and  that  the 
impulses  are  conveyed  to  the  central  nerv*ous  system  by  different 
groups  of  nerve-fibres;  they  moreover  form  the  clearest  piece  of 
evidence  we  have  that  pain  is  a  distinct  kind  of  sensation. 

The  question  is  more  difficult  to  answer,  which  particular  end- 
organ  is  concerned  with  each  variety  of  sensation.  There  is,  how- 
ever, little  doubt  that  the  uerve-fibrils  aroimd  the  hair  follicles  of 
the  short  hairs  are  the  terminations  most  affected  by  changes  of 
pressure,  and  also  that  Meisaner'B  corpuscles  are  purely  tactual, 
taking  the  place  of  hairs  in  hairless  parts.  In  the  palmar  surface 
of  the  last  phalanx  of  the  index  finger,  there  are  21  Meissner's 
corpuscles  per  square  centimetre;  in  other  parts  of  the  palm  and 
sole  the  number  varies  from  2  to  8.  End-bulbs  are  believed  to 
Ije  the  organs  for  cold;  they  are  most  numerous  in  the  conjunctiva 
and  glans  penis,  where  "  cold  spots  "  are  almost  exclusively  present. 
The  end -organs  in  "heat  spots"  have  not  been  identified  with 
certainty,  but  they  are  probably  larger  organs,  and  placed  more 
deeply  in  the  skim 

We  have  spoken  of  the  pressure  sense  as  the  true  tactile  sense ; 
but  Meissner  pointed  out  many  years  ago  that  the  hand  immersed 


Fifl»  &'JS,— Ueat  and  vqI^  JkrstA^ 
(WftUari  After  QH;jla«cbeider.) 
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in  a  fluid  like  mercury  at  body  temperature,  doea  not  feel  the  contact 
of  the  fluid,  although  the  fluid  pressure  may  be  far  above  the  Umen ; 
it  is.  however,  equal  iu  all  directions ;  it  is  therefore  clear  that  the 
adequate  stimulus  for  touch  organs  consista  in  a  deformation  of  the 
skin  surface. 

Ab  compared  with  the  Bensation  obtained  from  pain  BpotB,  touch 
is  quicker  both  in  development  and  subsidence.  Thus  vibrationB  of 
strings  are  recognisable  as  such  by  the  finger,  even  at  a  frequency 
of  1500  vibrations  per  second.  A  revolving  wheel  with  toothed  edge 
does  not  give  a  sensation  of  smoothness  till  the  teeth  meet  the  skin 
at  the  rate  of  from  480  to  640  per  second. 

Head,  in  his  recent  study  of  nerve-regeneration,  cut  one  of  the 
nerves  in  his  own  arm  and  noted  accurately  the  date  and  other 
particulars  of  return  of  function.  The  first  sensations  return  about 
the  eightieth  day  after  the  operation ;  they  are  of  a  vague  nature, 
B,nd  ave  termed  protopathit\  Head  associates  this  with  the  activity 
of  the  fine  medullated  nerve-fibres  which  replace  the  degenerated 
ones  at  this  early  stage.  The  more  elaborate  sensations  and  power 
to  localise  them  accurately  return  much  later,  and  this  cpicritu 
sensibility  is  usually  not  perfect  until  many  months  or  even  a  few 
years  after  the  regeneration  started.  By  this  time,  as  was  shown  in 
experimenta  on  animals,  the  fine  nerve-fibres  which  subserve  pro  to- 
pathic  sensation  are  largely  admixed  with  a  later  growth  of  larger 
nerve-fibres,  and  Head  believes  epicritic  sensation  is  subserved  by 
these.  Quite  apart  from  these  two  forms  of  cutaneous  sensation  ib 
the  deep  sensibility  of  subjacent  structures,  and  the  fibres  subserving 
this  run  mainly  with  the  motor  nerves ;  this  form  of  sensation  is  not 
destroyed  by  division  of  all  the  norves  to  the  skin.  The  three  kinds 
of  sensation  (deep,  protopathic,  and  epicritic)  are  doubtless  related  to 
different  kinds  of  end-organs  in  the  peripheral  structures. 

Adaptation  pbys  a  port  as  important  in  cutaneous  as  in  other  sensationa.  The 
fmrne  room  feels  warm  to  a  man  who  enters  it  from  the  street,  and  cold  to  another  who 
has  been  in  a  cooservatoiy,  Hering  calls  the  point  of  adaptation  to  temperature  **  the 
physiological  «ero. "  Thus  the  temperature  of  the  mouth  and  the  lips  may  actually 
diner  by  Beveral  degrees,  yet  neittier  of  them  wiU  feel  hot  or  cold  because  each  is  at 
the  physioloEfittal  Kcro  temperature.  Sensations  of  warmth  or  cold  arise  when  the 
physiological  zero  is  altered  :  they  persist  until  a  new  r^ro  is  formed,  i,*,,  until  adapta- 
tion is  complete*  So,  too,  heJivy  weights  feel  unduly  heasry  after  lij?ht  weights,  and 
rici>!  v&rsih  When  eyeglasses  or  febe  teeth  are  first  wom/their  contact  is  weU-nigli 
unbearable;  yet  later,  through  adaptation,  the  discomfort  becomes  negligible. 

It  is  very  difficult  to  draw  any  hard  and  fast  line  between  the  cutaneous  scnsa- 
tioas  we  have  just  described,  and  those  which  are  grouped  under  the  name  **  common 
Of  general  sensibility.**  Sensations  which  are  diflicult  to  describe  but  whicji  are 
pr?rfet!tly  familiar,  such  as  those  accompanying  tickling*  shivering,  shuddering,  and 
the  like,  are  regarded  as  varieties  of  "common  sensation.'^  Pain  may  be  looked 
upon  as  an  excessive  form  of  **  common  sen.'»ation/*  but  cutaneous  pain  is  so  distinct 
a  sensation  that  most  psychologists  agree  to  place  it  under  a  '*  special*^  rather  tlian 
a  *'  common  '^  heading*  The  term  "common  sensatioD  "  is  most  frequently  employed 
in  reference  to  sensations  h^om  the  interior  of  the  body.     Each  viscus  stands  in 
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iid«tkHi  witii  ft  ddlfute  patdi  of  ildJi  ^  that  is  to  ^ftf,  the  ft^»«tii  fibrra  tt&m  the 
AktD  and  &om  die  viscerm  belong  to  c^orrespondii]^  spin&l  nerre^rooU,  Locali&Kiiati 
of  punful  or  tiDctnnfortable  feeUngs  artsing  from  disorders  of  intc'inal  otgiui&  is 
■Iwftfi  vtrf  difficult;  beace  tba  «ssoct&ted  tkm  puns  pi&j  &o  hnportmnt  pui  in 
MecftftiDiQg  the  poBttion  otf  intcnul  maladieft.    (Head,  see  «&o  |>,  e£K>.} 

Dm^— Coaioe  applied  kxmltj  deprenes  aU  Ibmis  ol  cutaneous  sen^ibQitx^ 
but  esp^^aily  the  true  tactile  t^ise ;  cxrtMiic  add  acta  similariy  but  le^  etfongly, 
Cbkn^omi  produces  m  tempoiBij  bumiag  sensaftioD,  and  ttieo  btants  eensibQlt^r 
specially  to  t«?mperature  chinees.  Menthol  produces  &  fceliug  of  local  cold  becauje 
it  first  causes  hyperKf^Sthesia  qf  the  end-organs  for  rold  ;  this  h  foUowcd  by  a  depreft- 
f  ion  of  the  activity  of  these  organs,  together  with  that  ftubservbf  other  forms  of 
cutaneous  sens^oo. 

Tbe  Motorial  or  Kin^sttietic  Sense. 

By  Uufi  aenae  we  become  aware  that  movement  ia  taking  place  in 
some  part  of  the  body.  We  are  especially  conBcious  of  willed  muscidar 
action,  and  the  aeoBe  has  thus  been  confused  and  identified  wiih  the 
**  feeling  of  innervation/'  or  **  sense  of  effort."  which  accompanies  voli- 
tional movementa  By  some  this  feeling  has  been  attributed  to  a  direct 
diaeharge  from  the  motor  to  the  aengory  colls  of  the  cerebral  cortex 
occurring  at  the  very  birth  of  the  eierent  impulse.  But  most  phipnedo- 
logiats  of  the  present  day  regard  the  aen^  of  effort  aa  due  to  a&rent 
impulses  peripherally  generated  by  the  accompanying  respiratory  and 
other  strains;  and  they  no  longer  consider  it  as  a  very  important 
factor  in  effecting  or  estimating  movement.  It  is  in  the  estimation  of 
weights  that  the  value  of  peripheral  senfiations  can  be  most  clearly  seen. 

Wlien  a  weight  is  first  handled,  the  amount  of  force  necessary  to 
lift  it  is  estimateil  in  the  light  of  past  experience.  As  it  is  being 
lifter i,  sensations  from  the  mo\"ing  limb  guide  the  expeiKliture  of  force: 
a  wtjjght  which  flies  up  too  fast  or  does  not  move  at  oncc^  calls  for  lesa  , 
or  more  muscular  force.  Similarly  the  motorial  sense  is  invoke' 
when  we  estimate  the  extent  to  wMch  we  have  moved  our  limbs,  or 
to  wluoh  they  liave  been  passively  moved  by  otheTs. 

Thme  guiding  sensations  are  not  merely  of  cutaneous  origin. 
rLT«oris  whoso  akin  has  been  rendered  insensitive  by  cocaine,  or  by 
certain  riiaaases,  yet  retain  the  power  of  estimating  weights  and  the 
extent  of  their  movement.  In  locomotor  ataxy  the  motorial  sense 
may  Im  ilcstroyeil  while  tlie  akin  retains  its  usual  sensitiveness  tof 
touch.  Or  tlio  other  hand,  we  must  remember  that  it  is  not  at  all 
ct^rtiun  tlmt  the  nmscloB  are  solely  or  even  predominantly  the  seat  of 
tlieao  peripheral  sensations ;  the  term  *'  motorial "  or  *'  kinsesthetic " 
ie  therefore  preferable  to  that  of  "  muscular  "  sense,  by  which  name 
it  was  formerly  known.  It  is  true  that  sensory  end-organs  and 
norvo-dbrea  occur  in  uiuscles  and  tendons,  which  presumably  transmit 
inipuisGs  upon  cluuigc  of  muscular  form  or  of  tendinous  strain.  But 
wo  have  cxporimenlal  evidence  tliat  the  pressure  and  movement  of  joint- 
tin  rfaeci  arc  most  iiTi|)ortant  factors  in  the  development  of  kimestbetic 
sonsations.     The  **  motorial  sense"  is  thus  of  very  complex  origin. 


CHAPTER     LIII 

TABTE  AND  SMEUi 


Taste. 

Certain  anatomical  facta  must  be  studied  first  in  connection  vriih. 
the  tongue,  the  upper  surface  of  which  is  concerned  in  the  reception 
of  taste  stimuli 

The  tOTigue  is  a  muscular  organ  covered  by  mucous  membrane. 
The  muacleSj  which  form  the  greater  part  of  the  substance  of  the 
tongue  (intrifisi^  muscles)  are  termed  ItTi^ucdes ;  and  by  these,  which 
are  attached  to  the  mucous  membrane,  its  smaller  and  more  delicate 
movements  are  performed. 

By  other  muscles  (extrinsic  muscles),  such  ag  tbegenio-hyogloaeus, 
the  styloglossus,  etc.,  the  tongue  is  fixed  to  the  eurrounding  parts; 
and  by  these  its  larger  movements  are  performed 

Its  mucous  membrane  resembles  other  mueous  membranes  in 
essential  points,  but  contains  papUlm,  peculiar  to  itself.  The  tongue 
is  also  beset  with  mucous  glands  (fig.  630)  and  Ij^Tuphoid  noduleB. 

The  lingual  papillce  are  thickly  set  over  the  anterior  two-thirds 
of  its  upper  surface,  or  dorsum  (fig.  529),  and  give  to  it  its  character- 
istic roughness.  Three  principal  varieties  may  be  distinguishedj 
namely,  the  (1)  cirmmvallate,  the  (2)  fimgiform,  and  the  (3)  coniml 
and  filiform  papillee.  They  are  all  formed  by  a  projection  of  the 
corium  of  the  mucous  membrane,  covered  by  stratified  epitneh^^ ; 
they  contain  special  branches  of  blood-vessels  and  nerves,  Ine 
corium  in  each  kind  is  studded  by  microscopic  papilla- 

(L)  Cirmmvallate.—TheQe  papilla  (fig.  531),  eight  or  ten  in  number. 
are  situate  in  a  V-shaped  line  at  the  base  of  the  tongue  (1.  !■»  %  ^?  ^' 
They  are  circular  elevations,  from  -^Vth  to  j^Ah  of  an  inch  wide  (1  to 
2  mm,),  each  with  a  slight  central  depression,  and  surrounded  by  a 
circular  moat,  at  the  outside  of  which  again  is  a  slightly  elevated 
ring  or  rampart;  their  walls  contain  taste- buds-  ^^*'^/*^?^  J^^^^ 
that  surrounds  the  central  tower,  a  few  Uttle  glands  {glands  of 
Mbnm')  open.     They  form  a  thin,  watery  secretion. 
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Bome  being  conical  (simple  or  compound)  and  others  filiform ;  they 
are  covered  by  a  thick  layer  of  epitheliimi,  which  is  either  arranged 
over  them,  in  an  imbricated  manner,  or  is  prolonged  from  their  sur- 
face in  the  form  of  fine  stiff  projections 
(fig.  533).  In  carnivora  they  are  devel- 
oped into  horny  spines.  From  their 
fitructtirc,  it  is  likely  that  these  papillae 
have  a  mechanical  and  tactile  function, 


m 


u::^n 


Fi*j.  SSI.— Vertical  iiflctio»  of  &  drctimvallatt  pa^ItU 
of  the  calf.  1  anf:1  3.  Epithelial  Iftyen  covering  H ; 
t*,  taste-hnda  i  4  mid  <i  *  diit^  of  BemnH  glAnd  epen- 
Ing  out  Into  thft  n\%  In  wTilcJi  papUla  [«  situated  ; 
b  bnd  0,  nerv'ea  raintfjlng  withtn  the  papUla. 
(EngelmAnn.) 


Ptu.  5^.— SecttoQ  of  a  nmeoufl  gUnd 
ftom  Uie  tongue*  A,  OperiJng  of 
the  (lact  QD  bbe  free  inrface  [  C, 
bftaement  metnbratift  with  nas^lel ; 
B,  flalteued  epltfaelial  cellq  Hnlnf^ 
duct.  The  dact  dhirles  Into  *evef!il 
tmaaolies,  which  are  pisavolutwi  and 
Mid  Mindly,  tielng  llnftfl  thrcJiigh- 
oat  by  cofuniti&r  epIthMlitiin,  D, 
Lumen  of  one  of  the  tubull  of  the 

Slaiid.      X   StO.    (Eletn  and  Noble 
m(th.) 


rather  than  that  of  taste;  the  latter 
sense  is  seated  especially  in  the  other 
two  varieties  of  papillB^,  the  drtnimvailate 
and  thefufigi/orm. 

In  the  circumvallate  papillse  of  the 
tongue  of  man  peculiar  structures  known 
as  taste-buds  are  found,  ITiey  are  of  an 
oval  shape,  and  consist  of  a  number  of 
closely  packed,  very  narrow  and  fusi- 
form, cells  (^tLstatory  celh).  This  central 
core  of  gustatory  cells  is  enclosed  in  a  single  layer  of  broader  fusi- 
form cells  {encasing  cells).  The  gustatory  cells  terminate  in  fine  stiff 
spikes  which  project  on  the  free  surface  (fig.  534,  a). 

These  bodies  also  occur  in  considerable  numbers  in  the  epithelium 
of  the  papilla  foliata,  %vhieh  is  situated  near  the  root  of  the  tongue 
in  the  rabbit,  and  is  composed  of  a  number  of  closely  packed  papiUie 
very  similar  to  the  circumvallate  papilla  of  man.  Taste-buds  are  also 
scattered  over  the  posterior  third  of  the  tongue  and  the  pharynx,  as 
low  as  the  posterior  (laryngeal)  surface  of  the  epiglottis. 

The  gustatory  cells  in  the  interior  of  the  taste -buds  are  eur- 
rounded  by  arborisations  of  nerye*fibres. 
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The  middle  of  (be  dorsain  of  the  to&gue  is  but  feeUj  endowed 
with    the   sense    of    tasto;  the   tip  and  niargms^  and   espem^Uf 
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iio*  las.— SailbeeuidKetiQiiortlMf 


teilbee  ud  Kctioii  of  tb«  ftaii«lfDfm  paf4IliB.    A,  T^  mi^Mxm  di  a 

1  of  lt»  rpttbdmnj ;  p^  tKcimMif  pftpHM;  «,  e|ittlwlliiiD.    B,  Bee  _ 

wtlh  111*  Mooa^vt^eli  tiU«^ted :  &»  uttiy ;  r,  wfn;  «,  ct&Qlarr  ton  of  itmllAf  tPpOld: 'Ui' U^b 
aol^bQiiKfb^  irtnicciLn  of  the  toDgtm;  d^  vvpiWmrj  los^  of  tli«  weDodATT  pApUte ;  r,  tDlOidlam. 
(TMia  KdUlker»  miter  Todd  uhI  Bomoui.) 


the  posterior  third  of  the  dorsum  (tL«.,  in  the  region  of  the  taste- 
bude),  possess  this  faculty.  The  anterior  part  of  the  tongue  is 
supplied  by  the  lingual  branch  of  the  fifth  nerve  and  the  ohorda 
tympani,  and  the  posterior  third  by  the  glosao-pharyngeal  nen*a 
Considerable  discussion  has  arisen  whether  there  is  more  than  one 
nerve  of  taste.  The  view  generally  held  is  that  the  glosao-phaiyngeal 
nerve  is  the  iien^e  of  taste,  and  the  lingual  the  nerve  of  tactile  senaa* 
tion.  Nevertheless,  the  lingual  and  the  chorda  tynipani  do  contain 
taste-fibres,  which  probably  take  origin  from  the, cells  of  the  geniculate 
ganglion ;  the  central  axons  of  these  cells  pass  by  the  pars  intermedia 
to  the  sensory  nucleus  of  the  glosao- pharyngeal  nerve,  Goweis  holds 
that  the  fifth  nerve  is  the  only  nerve  of  taste,  and  has  recorded  &  case 
of  loss  of  taste  where  the  fifth  nerve  alone  was  the  seat  of  disease ; 
other  cases,  however,  do  not  support  this  view. 


Tastu  may  be  classified  into — 


1,  Sweet. 
3.  Acid. 


2.  Bitter 
4  Saline. 


Whyth*:^  alkaline  and  metallic  tastes  are  elementary,  is  as  yet 
iindircidotl.  All  the  above  aflfect  to  a  varying  extent  the  nerves  of 
taclilr^  mnm  m  well  of  those  of  touch  proper,  sweet  having  the  least, 
acicb  UiO  nnjBt  marked  action  upon  the  latter.  Sweet  tastes  are  beet 
up[ir<^ciatcil  hy  the  tip,  acid  by  the  side,  and  bitter  tastes  by  the 
back  of  the  tongue. 

The  8ul)stanco  to  be  tasted  must  be  dissolved;  here  there  is  a 


Btriking  coDtrast  to  the  sense  of  smell ;  flavours  are  really  odours. 

In  testing  the  sense  of  taste  id  a  patient,  the  tongue  should  be 

protraded,  and  drops  of  the 
Bubstanee  to  be  feasted  ap- 
plied with  a  earners  hair 
brush  to  the  different  parts; 
the  subject  of  the  experi- 
ment  must  signify  hia  sen- 
sations   by  signs,   for    if    he 


OWfieMl  itUffUSA  WAT  the  buw)p  |>»H:L]fl«]y 
vlmiLir  In  utmcfaora  to  thoio  found  Id 
the  tongua.  a,  Dopnuioii  lu  «i^lVbe}iaDi 
ov«T  bud ;  bedow  tfaa  lett«r  *i<«  Meu  th§ 
atM  b»ir^Uk«  prcMMHNis  ia  wbich  Uu  oeUi 
f«Tnilut9;  tt  two  Dudsi  of  tbe  udiJ 
(fnitatorr}  mWrn.  Tha  mon  atipttrflcbl 
tiu<!l«l  bdon^  to  tli»  g^uitldft]  ftmcAiliis) 
c«Ua^  tiio  QquwrxtDg  Una  tudkkU  tb« 
fiulftnm  tliApi  of  tofl 
(ikhoadrL) 


Pj(1.  539.— Fill  form  pftpllljc,  oiift  with  epItbeUum, 
th^  other  wlthoiit.  V-~P»  '^■'B'  flubatuica  or  Iba 
pftpUliB  dSrldiiii  «t  tneir  up[>«r  oxtnntlttn  Into 
r  papiUiB ;  a,  ^riety,  and  v,  v«tKt|  tUridlng 
Uuy  loopi ;  e,  ftitSthdUl  covaHng,  IftinlQ* 
ffMD  tba  pupulje,  Uit  axtaodfid  lElo  h&lr- 
lUet  ipQ«»Mti  ff  mttn  tbi»  fixtremitloa  or  tbe 
■MODduy  papilliB.  Ci^cn  Kiimic«r,  After  Todd 
and  BovmBo.) 


withdraws  the  tongue  to 
speak,  the  material  gets 
widely  spread.  The  more 
concentrated  the  solution, 
and  the  larger  the  surface 
acted  on,  the  more  intense 
is  the  taste;  some  tastes  are  perceived  more  rapidly  than  others, 
saline  tastes  the  most  rapidly  of  alL  The  best  temperature  of  the 
substance  to  be  tasted  is  from  10"  to  35' C.  Very  high  or  very  low 
temperatures  deaden  the  sense. 

Individual  papilUe,  when  thus  treated  with  various  solutions,  show 
^Tcat  diversity:  from  some  only  one  or  two  tastes  can  be  evoked, 
from  others  all  four.  The  papillae  may  also  be  stimulated  el^trically. 
It  is  possible  by  chewing  the  leaves  of  a  certain  plant  called  the 
Gymnema  sylvcstre  to  do  away  with  the  power  of  tasting  bitters 
and  sweets,  while  the  taste  for  acids  and  salts  remains. 
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It  will  thus  be  eaen  tlmt  there  are  many  (aets  pomting  to  the 
coacluaion,  that  the  varieties  of  gustatory  like  thoee  of  cataneoufi 
senflatioii  are  due  to  the  stimulatioD  of  differeat  end-oTgana. 

When  diluted  sweet  and  salt  solutionB  are  simultaneously  applie 
to  the  tongue,  they  tend  to  neutraKse  one  another,  but  a  true  indiffefei] 
point  is  d^BScult  or  impossible  to  reach.  Sweet  and  bitter,  sweet  ar 
add-tasting  substances  are  antagonistic  to  a  similar  but  le^s  perfe 
extent  Contrast^ffecta  of  one  taste  upon  another  are  matters  o| 
oommon  ohs^vation,  but  can  only  be  experimentally  inireetigated  wit 
great  difficulty. 

SmelL 

The  entrance  to  the  nasd  cavity  is  lined  with  a  mucous  membrane 
closely  resembling  the  skin.     The  greater  part  of  the  rest  of   the 

cavity  is  lined   with    ciliated    epi- 
thelium; the  coriimi  is  thick  and 
contains  numerous  mucous  glandai 
j^i^  ^^^    olfactory    rqgion    in    man    is 

^WiTx  t  ISI        S  limited  to  a  portion  of   the   mem-  j 

brane  covering  the  upper  turbinal 
bone,  and  is  only  245  square  milli- 
metres in  area.  This  area  is  larger 
in  animals  with  a  keener  sense  of 
smell  tlmn  we  possess.  The  ceUs 
of  the  epithelium  here  are  of  several 
kinds: — iirst,  columnar  cella  not 
ciliated  (6g.  535,  st%  with  the  broad 
end  at  the  surface,  and  below 
tapering  into  an  irregular  branched 
process  or  processes,  the  termina- 
tions of  which  pass  into  the  next  layer:  the  second  kind  of  cell 
(fig.  535,  r)  consists  of  a  small  cell  body  with  large  spherical  nucleus* 
situated  between  the  ends  of  the  first  kind  of  cell,  and  sending 
upwards  a  process  to  the  surface  between  the  cells  of  the  first 
kind,  and  from  the  other  pole  of  the  nucleus  a  process  towards 
the  corium.  The  latter  process  is  very  delicate  and  may  be  varicose* 
The  upper  process  is  prolonged  beyond  the  surface,  where  it  becomes 
stiff,  and  in  some  animals*  such  as  the  frog,  is  provided  with  haira 
These  cells,  which  are  called  ^Ifactorial  cdh,  are  numerous,  and  the 
nuclei  of  the  cells  not  being  on  the  same  level,  a  comparatively 
thick  nuclear  layer  is  the  result  (fig,  537,  &).  In  the  corium  are 
a  number  of  serous  glands  called  Bowman's  glands.  They  open 
upon  the  surface  by  fiue  ducts  passing  up  between  the  epithelium  i 
cells. 

The  distribution   of   the  olfactory  nerves  which  penetrate  the! 
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QS^.— OttlU  fhjm  ths  otfk^ttory  reglion  of 
tba  rabbit,     %i^  f^apporttiig  oalU;  f,  f^, 
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cribrifomi  plate  of  the  ethmoid  bone  and  pass  to  this  region  of  the 
nasal  mucous  membrane  is  shown  in  fig,  536.    The  nerve-fibres  are 


^^vn      W^  Vim  -4  ■  -■  b^lS^>-^.-i. 
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i.— Hor¥«tt  of  %h«  jteptQjn  n*ai,  awn  ttom  tba  dgbt  ald«.    |.— I,  fb@  olfjictoi^  ba}b;  1,  the 

dIflu:tory  narvm  parattif;  tlifuugh  Ihe  fonunliiii  cir  tbo  {^brlform  plated  JLud  deecending  to  bo  diatri' 
buted  on  the  septum  ;  2^  the  internal  or  iepUl  twig  ofUientisal  bmncb  of  the  ophlbnlmlc  nerve;  S. 
noso  pAlatinc  nenci*    (lYom  3appei%  nfter  mnchfdd  nod  liOvellkS) 
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continuous  with  the  inner  processes  of  the  cells  we  have  termed 
olf actorial ;  the  columnar  ceUs  between  these  act  as  supports  to  them. 

The  olfactory  tract  is  an  outgrowth  of         ■ 

the  bmin  which  was  originally  hollow,  and 
remains  so  in  many  animals ;  in  man  the 
cavity  is  obliterated,  and  the  centre  is  occu- 
pied bj  neuroglia :  outside  this  the  white 
fibres  lie,  and  a  thin  superficial  layer  of 
neuroglia  covers  these.  The  three  "  roots  " 
of  the  olfactory  tract  have  been  traced  to 
the  uncinate  gyrus  and  hippocampal  regions 
of  the  same  side  of  the  brain,  which  is  the 
portion  experimentally  found  to  be  associ- 
ated with  the  reception  of  olfactory  impulses 
(see  pp.  677  and  703).  From  the  cells  of  the 
grey  matter  here  fibres  pass  by  a  complex 
path  to  the  corresponding  regions  of  the 
opposite  side.  There  ia  also  a  communica- 
tion vi4  the  corpora  mammillaria  with  the 
optic  thalamus  and  tegmentum  of  the  mid* 
brain, 

Th^  Qlfactoj^  hiilh  has  a  more  complicated  structure ;  above  there 
is  first  a  continuation  of  the  olfactory  tract  (white  fibres  enclosing 
neuroglia) ;   below   this   four  layers   are  distinguishable ;  they  are 


#ecttoa    till  7^' 

niQCOUa   ID'litijitij.Mii'c  iji    LiJt?   ai^Yi* 

bcm  i^Ed.  a.  Non.niicleaf; 
uid  ht  nuislcfttM  pOTtSOEia  of  th« 
«pttliflllum  1  e|  nenccgi ;  ^^  Bow- 
tnna'i  gUods,    (M.  ScholtxoJ 
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Cajars  work. 


ahown  in  the  accompanjing  diagram  from  Ramon  y 
the  Matological  method  used  being  Golgi's. 

(1)  A  layer  of  white  fibres  containing  Dumeroiia  small  cells,  or 
'* granules*'  (d). 

(2)  A  layer  of  large  nerve-cells  called  **  mUrcU  cells "  (o),  with 
smaller  cells  (a)  mixed  with  them.  The  axis-cylinder  processes  of 
these  cells  pass  up  mto  the  layer  above  and  eventually  l^ome  fibres 
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Fto,  ass,— Ner^ouH  tutidhJiiiiiam  ortbd  olfuitory  mpparmtox.    a,  ntpolAt  ceUa  of  tbe  olfiwtoQr  «p 
(Hax  Scbultne't  olfksborlHl  «eU4j ;   %  olfactoty  glatiMniU :  g,  mtfeftl  o«Il« ;  d,  gmnnla  a 
Iftjer :  &t  evUniAt  ttnt  qf  thm  mt^qtoiy  tr»ct ;  r,  gny   Qutt«T  of  tba  ^benoldAl  i«r1oo  ivf 
c!v}ftei[  ^  a^  HtEimU  coIL  of  UiA  mitral  Isfer;  /^j  basket  of  >  glomentlaa  i  e,  ipfny  bnskflt  of  a  gr 
f ,  collatfliml  of  the  Axla-cyliuiler  procosa  Qf  »  mitnil  cell ;  A  eoUAte^^  tomiinAttng  In  ti 
iHyer  of  tha  trtrntal  jui^I  uphpnoM^l  ouDrulaUann ;  g,  impATflcfiil  tfiangul&r  c«ll«  of  tlu  cartex; 
4,.  sQppoiUug  fi|>ltiifilfum  i24kLU  of  tht  oltaictary  mucuuA  tniambniit.    (Tfftmoii  y  C^aI.) 


I  gnniKit ; 


of  the  olfactory  tract  %  which  passes  to  the  grey  matter  of  the  base 
of  the  bram  f*     They  give  ofif  numerous  collaterals  on  the  way  (#,/)v 

(3)  The  layer  of  olfactory  glomeruli  (b).  Each  glomerulus  is  a 
basket-work  of  fibrils  derived  on  the  one  hand  from  the  terndual 
arborisations  of  the  mitral  cells,  and  on  the  other  from  similar 
arborisatione  of  the  non-medullated  fibres  which  form  the  next  layer* 

(4)  2%c  layer  of  olfactory  nerm-flhres, — These  are  n  on -medulla  ted ; 
they  continue  upwards  the  bipolar  olfactory  cellst  or  as  we  have 
already  termed  them,  the  olfactorial  cells  of  the  mucous  membrane. 

Animals  may  be  divided  into  three  classes : — those  which,  like  the 
porpoise,  have  no  sense  of  smeU  {anosmatic) ;  those  wliich  possess  it  in 
comparatively  feeble  degree  (man,  most  primates,  monotr ernes,  and 
some  cetacea) ;  those  are  called  microsmatic.  In  man  the  thicknesB 
of  the  olfactory  membrane  is  only  0'06  mm.  Most  mammals  arein 
contradistinction  macrosmatic,  the  thickness  of  the  membrane  being 
O'l  mm,  or  more,  and  its  area  larger. 

The  mucous  membrane  must  be  neither  too  dry  nor  too  moist ;  if 
we  have  a  cold  we  are  unable  to  smell  odours  or  flavours  (which  ar@ 
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really  odoiirs).  When  liquids  are  pouretl  into  the  nose,  their  smell  la 
impercepfcible,  as  they  damage  the  olfactory  epithelium,  owing  to  the 
difference  of  osmotic  pressure.  But  even  if  a  "  normal "  aaline  solu- 
Itioti  of  an  odorous  sutetanoe  be  substitute*!,  the  sense  of  smell  m  still 
lost  so  long  aa  air-bubbles  are  carefiiUy  excluded  from  the  nasal 
cavity.  It  is  therefore  necessary  that  odorous  substances  should  he 
in  a  gaseous  state  in  order  to  act  upon  the  olfactory  epithelium ;  they 
are  propagated  mainly  by  diffusion. 

Generally,  the  odours  of  homologous  series  of  compounds  increase 
in  intensity  with  increase  of  molecular  weight,  but  bodies  of  very  low 
molecular  weight  are  odourless,  while  vapours  of  very  high  molecular 
weight,  which  esc^ipe  and  diffuse  slowly  have  little  or  no  smell.  A  slight 
change  in  chemical  constitution  may  produce  marked  alteration  in 
the  character  of  the  odour  of  a  substance ;  certain  modes  of  atomic 
grouping  within  the  molecule  appear  to  be  more  odoriferous  than 
others.  Attempts  have  been  made  to  discover  the  elementary  sensa- 
tions of  smelL,  but  hitherto  with  scant  success.  Many  odours  have 
unquestionably  a  complex  physiological  effect.  For  example,  when 
nitrobenzol  is  held  before  the  nose,  it  yields  first  the  smell  of  helio- 
trope, next  the  ameU  of  bitter  almonds,  and  finally  the  smell  of 
benzene;  just  as  if  different  end -organs  became  succeBsively  ex- 
hausted. Some  substances  have  a  very  different  smell  according  to 
their  concentration.  Chemical  flisaociation,  too,  imquestionably  plays 
a  prominent  part. 

HevertheloHB,  there  are  certain  points  which  indicate  the  existence 
of  primary  sensations  of  smell.  First,  some  persona  are  congenitally 
insensible  to  one  or  more  odours,  but  yet  smell  others  quite  normally. 
Hydrocyanic  acid,  mignonette,  violet,  vanilla,  benzoin,  are  substances 
which  appear  to  certain  people  to  have  no  smell  Secondly,  some  odor- 
ous bodies,  when  sinmltaneuusly  given,  antagonise  one  another;  others 
produce  a  mixed  smelL  Thirdly,  fatigue  of  the  epithelium  with  one 
odour  will  modify  or  abolish  the  effect  of  some  smells,  but  will  leave 
that  of  others  untouched. 

The  delicacy  of  the  sense  of  smell  is  most  remarkable.    Yalentm 


calculates  that  even  r^ 


of 


100,060,000  --  a  g^^iii  of  i^^s^  ^^^ 


be  distinctly 


smeUed.      Solutions  of   camphor  afford  a  good  means 
olfactory  acuity.     ^  -       ~  -  ...       — . 


of  testing 
,  One  tube  of  camphor  solution  ia  presented  to  ine 
subject  along  with  three  tutes  of  water,  and  the  former  is  ^P'rr"^ 
with  weaker  and  weaker  solutionB  until  it  ia  indistinguisbabie  irom 
the  tubea  containing  water.  Pungent  substances,  Uko  *"^^*'°^'iT„,B 
imsuited  for  olfactometrical  exfwriment.  They  atiuiiilate  the  enainga 
of  the  bfth  as  well  aa  those  of  the  olfactory  nerve. 


CHAPTER  LIV 

HEAlilKG 


Anatomy  of  the  Ear. 

The  Organ  of  Hearing  (fig.  539)  is  divided  into  three  parts,  (1)  the 
external,  (2)  the  middle,  and  (3)  the  internal  ear.  The  two  first  are 
only  accessory  to  the  third  or  internal  ear;  which  contains  the 
essential  parts  of  the  organ  of  hearing. 

External  Bar, — The  external  ear  consists  of  the  pinna  and  the 
gxternal  auditory  meatus.  The  central  hollow  of  the  former  is  named 
the  concha.  From  the  concha,  the  anditory  eanal,  with  a  slight 
arch  directed  upwards,  passes  inwards  and  a  little  forwards  to 
the  membrana  tympani,  to  which  it  thus  serves  to  convey  the 
vibrating  air. 

Middle  Bar  or  Tympanum. — The  middle  ear,  or  tympanum  or 
drum  (3,  fig,  539),  is  separated  by  the  mmihrana  tympani  from  the 
external  auditory  meatus.  It  is  a  cavity  in  the  temporal  bone, 
opening  through  its  anterior  and  inner  wall  into  the  Eustacluan  tuhe> 
a  cylindriform  flattened  canal,  dilated  at  both  ends,  composed  partly 
of  bone  and  partly  of  elastic  cartilage,  and  lined  with  mucous  mem- 
brane, which  forms  a  communication  between  the  tympanum  and  the 
pharynx.  It  opens  into  the  cavity  of  the  pharynx  just  behind  the 
posterior  aperture  of  the  nostrils.  The  cavity  of  the  tympanum 
communicates  posteriorly  with  air-cavities,  the  mastoid  cells  in  the 
mastoid  process  of  the  temporal  bone ;  but  its  only  opening  to  the 
external  air  is  through  the  Eustachian  tube  (4,  fig.  539).  The  walls 
of  the  tympanum  are  osseous,  except  where  apertures  in  them  are 
closed  with  membrane,  as  at  the  fenestra  rotunda^  and  fenestra  &cali$t 
and  at  the  outer  part  where  the  bone  is  replaced  by  the  membrana 
tympani  The  cavity  of  the  tympanum  is  lined  with  mucous  mem- 
brane, the  epitheUum  of  which  is  ciliated  and  continuous  through 
the  Eustachian  tube  with  that  of  the  pharynx.  In  some  parts,  how- 
ever, viz.,  over  the  roof,  promontory,  ossicles,  and  membrana  tympani, 
the  epithelium  is  of  the  pavement  variety.  A  chain  of  small  bones 
extends  from  the  membrana  tympani  to  the  fenestra  ovalis. 
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The  TTtemhraTia  timpani  is  placed  in  a  slanting  direction  at  the 
bottom  of  the  external  auditory  canal,  its  plane  being  at  an  angle 
of  about  45'  with  the  lower  wall  of  the  canal  It  is  formed  of  fibres, 
8ome  running  radially,  some  circularly ;  its  margin  is  set  in  a  bony 


:-\ 


Fio,  &30,— Diagram matJo  view  &oin  before  csf  the  p^rts  composing  tin  organ  of  hearjng  of  iba  left  tldv, 
Ths  tentpqml  houo  of  th»  Wl  «lde,  wtib  tbe  ace^mpmjTtDg  toft  parU,luu  beoo  d«t«QliAd  Ih^m  th« 
li««d,  iind  m  wK^ticD.  liu  b«cn.  cftrrtsd  tbrQuugb  It  tT&tkSv^raely^  »□  u  to  femf>ve  ilui  troul  of  the 
nieati]s  extAmum,.  ^ftlf  tbd  tympKnic  roenibrHnQ^  tbq  upper  ftmi  atiterfor  wall  of  the  tympwnni  Ud 
Euatichtftn  tube.  The  mektui  lot^mfm  hiu  dIao  lieftQ  qpenoii,  a^d  the  bony  latmlntb  axpoeed  by 
tbt  tismoval  uf  tbo  emioiuidliiK  pftrUft  of  the  jiotTOiu  botiA.  1  ^  Tbo  ^jlnna  luau  lobs ;  3,  meiiCiaji 
eitemii! ;  2^^  membruim  tyDnpflnl ;  ^t  t^vjtj  of  tbo  tynipuiuiii ;  B',  ltd  o^>ening  baclcwftrds  Into  tbo 
mutotd  celle ;  hotweea  ■!  ma  S'*  the  cbaUi  of  mniLl]  bcncs ;  4,  Euftiu^blaia  tube ;  &t  moktui  lotezniie, 
coiitttfKilAg  Ibe  faulal  (upp«rtiiq9t)  Jind  the  vudltary  n^rv^e* ;  6,  placed  on  the  vBstlbtilaiirtbelabfT^ 
rintlt  ahovie  the  fonestra  oralU ;  n,  A\tix  vl  the  p^ivu  bone ;.  h^  latenm]  cmrotiu  arteiy :  v,  styloid 
fmoiM ;  dt  &dal  tustv*  innfjig  from  the  stylo- itmatold  forameti;  «i  loaiitotd  procese ;  /,  ■qnamcnui 
[tut  of  tt«  bone  coTored  by  JotegnmeDV  ete.    ( Arnold^ 

groove;  its  outer  surface  is  covered  with  a  continuation  of  the 
cutaneous  lining  of  the  auditory  canal,  its  inner  enrfaco  with  the 
mucous  membrane  of  the  tympanum. 

The  OMicles  are  three  in  number;  named  malleus,  incus,  and 
stapes.  The  malleus,  or  hammer-bone,  has  a  long  slightly-curved 
process,  called  its  handle,  which  is  inserted  between  the  layers  of 
the  membrana  tympaiii;  the  line  of  attachment  is  vertical,  including 
the  whole  length  of  the  handle,  and  extending  from  the  upper 
border  to  the  centre  of  the  membrane.  The  head  of  the  malleus  is 
irregularly  rounded ;  its  neck,  or  the  line  of  boundary  between  the 
head  and  the  handle,  supports  two  processes;  a  thcrt  conical  one, 
and  a  slender  one,  processus  gracilis,  which  extends  forwards,  and  is 
attached  to  the  wall  of  the  cavity  at  the  glaaerian   fissure.    The 
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incus^  or  anvil-bone,  shaped  like  a  bicuspid  molar  tooth,  is  articulatad 
by  ite  broader  part,  correaponditig  with  the  surface  of  the  crowo  of 
the  tooth,  to  the  malleus.  Of  its  two  fang-like  processes,  one, 
directed  backwards,  has  a  tree  end  attached  hj  ligmment  to  a  deprea- 


bone  or  m^Ufnu,  mam 
flraan tb« Qoui.  ],Tbs 
li«*d;  S,  iHck;  S, 
tfhort      pttKHws :       4, 


Fia.  541. — Tba  IdcclIi  or  iiiTli-'bonfl« 
1,    Bod|';  f,   ddgod    »ttieiil«tikMi 

bnrls,    witb    &,   rough    utknlu 
iiLtfws*    for   llgwumt    of   loeiu; 

l^enrHbimmsL    (Scliwiillitt.) 


Fm.  &43.^Tb«  itape*.  or 
■tlrmp  -  bone,  l,  Bam ; 
3  tad  Bf  archi  I,  hwj 
of     boiMi,    whlcb     a.nica- 

pzocan  of  tha  tncm ; 
fi,  omutffeted  put  or 
SKt ;  fl,  0tw  of  thv 
crun*    (Hcbwalbs.) 


'*^^l'^_ 


sion  in  the  mastoid  bone ;  the  other,  curved  downwards,  longer  and 
more  pointed,  articulates  by  means  of  a  roundish  tubercle,  formerly 
called  OS  orMculare,  with  the  stapes,  a  little  bone  shaped  like  a  stirrup, 
of  which  the  base  fits  into  the  mem!     ne  of  the  fenestra  ovalis.     To 

thi  neck  of  the  stapes,  a  short 
process,  corresponding  with  the 
loop  of  the  stirmpj  is  attached  the 
siapedius  muscle. 

TJie  musdes  of  ths  tympanum 
are  two  in  number.  The  temor 
iym^ani  arises  from  the  cartila- 
ginous end  of  the  Eustachian  tube 
and  the  adjoining  surface  of  the 
sphenoid,  and  from  the  sides  of 
the  canal  in  which  the  muscle  lies ; 
the  teudon  of  the  muscle  bends  at 
nearly  a  right  angle  over  the  end 
of  the  processus  cochleariformis, 
and  is  inserted  into  the  inner  part 
of  the  handle  of  the  malleus.  The 
stapBdius  is  concealed  within  a 
canal  in  the  bone  in  front  of  the  aqucductus  FallopiL  The  tendon 
issues  from  the  aperture  of  this  canal  and  is  inserted  into  the  neek 
of  the  stapes  posteriorly. 

The  Internal  Bar. — The  proper  organ  of  hearing  is  formed  by  the 


m^ 


Fin.  fi -Id.— Interior  V Jo w  of  Lh«  tympanum «  with 
mftmbnnA  tymf>&iil  arn'l  bonM  Id  imttjr&l  poftl- 
tJoti.    1,  M«RibranA  tympatil ;  ^p  EngtacbiAn 

«xt«r,  X  K  Ibt-  m&llel  nup«iT.  ^  <i,  ehorda^t^rmii&iii 
fuirvft;  a,  &,  mud  Ct  Btnuaot  ftboot  oratclvx. 
(BoliW«lb«.> 
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diatribution  of  th©  auditory  nerve,  within  the  internal  ear,  or  laby- 
rinth, a  set  of  cavities  within  the  pettoiia  portion  of  the  temporal 
bone.  The  bone  which  forms  the  walls  of  these  cavities  is  denser 
than  that  around  it,  and  forms  the  o$sams  labyrinth ;  the  membr 
within  the  cavities  forms  the  membranous  labyrinth.  Tiie  mem- 
branouB  labjTinth  contains  a  fluid  called  endolymph ;  while  outside 
it,  between  it  and  the  osseous  labyrinth,  is  a  fluid  called  pirilymph. 
This  fluid  is  not  pure  lymph,  as  it  containB  mucin. 

The  OBseouB  liabyrinth  consists  of  three  principal  parts,  namely, 
the  vestibule,  the  cochlea,  and  the  smnicirmdar  canals. 

The  vesttfyide  is  the  middle  Davit j  of  the  labjrinthi  and  the 
central  chamber  of  the  auditory  apparatus.  It  presents,  in  its 
inner  waU,  several  openings  for  the  entrance  of  the  divisions  of  the 
auditory  nerve ;  in  its  outer  wall,  the  fenestra  ovafis  (2^  fig.  544a)^ 


Fm.^  H4iu — Right  bony  ]*b^ntb^  vlovrcid 
rrom  tha  outer  ildsu  Tha  apKtmAii 
hmn  raprecieciUsd  la  pfvpxrtd  by  lepa- 
rating  plecsmeal  th.«  looitir  subiitftQoe 
of  the  petrciiis  bone  from  the  demee 
walls  vQlch  imniedliitQly  encloM  thm 
lAbyrlntb.  1,  TIib  vestlb^ltf;  2.  f^n- 
«Btn  DTstla ;  Bf  mptarlor  nmlcLFcmlaT 
canal ;  i,  h^ditminl  or  external  canal ; 
h,  pcksterlGr  canal-  «,  4Mptill«  of  tiio 
■cnuilalreiilar  laiuli;  A,  Hist  tiini  of 
tluv  QodiEDa ;  T^  seoond  turn ;  9^  apex ; 
9f  CmMtra  rotiUKla.  The  •mailer  Hgtire 
ia    onttlSne     below    »liovr«     the    natural 


F\a.  M4/>*— View  of  the  Interior  of  the  tflJt 
labTtltjth,  Th«  bony  wall  at  the  laby- 
rinth !■  nmaved  ■tifjHQiiarly  and  exter- 
naUy.  I,  I^jtol  hemlelllptlcAr  %  fovea 
betiijiiiharlca;  S,  ooiDmon  opening  of 
yie  nipertor  and  poii«rfur  wmlcirciilar 
canaU;  At  opening  of  the  aqnedact  of 
tha  t^tibale;  a,  the  iiu[jerlnr-  a,  the 
poaterlor,  and  7,  thd  eict«n)JLl  eemtdr- 
cuLar  canals;  i,  aptral  tube  ot  the 
eocjliM  (icala  tympany);  9t  opening  of 
trbe  aqaedact  of  the  cochlna;  lO,  plued 
OD  the  lamina  tplralla  In  the  seal  a  vet- 

tibolL    -f*    C^immering.) 


an  opening  filled  by  memhrane,  in  which  ia  inserted  the  base  of  the 
stapes ;  in  its  posterior  and  superior  walls,  five  openings  by  which 
the  sevitdrctdar  canaU  communicate  with  it:  in  its  anterior  wall, 
an  opening  leading  into  the  cocklm.  The  semidrcular  canals  are 
described  in  Chapter  XLIX* 

The  eochlea  (6|  7,  8,  fig.  544a,  and  8,  fig.  5446)  ia  shaped  like  a 
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snail -shell,  and  is  situated  in  front  of  the  veatibide ;  its  base  rests  on 
the  bottom  of  the  internal  meatus,  where  some  apertures  transmit 
the  cochlear  filaments  of  the  auditory  nerve.  In  its  axis,  the  cochlea 
is  traversed  by  a  conical  column,  the  modiolus,  around  which  a 
spiral  canul  winds  with  two  turns  and  a  half  from  the  base  to  the 
apex.  At  the  apex  of  the  cochlea  the  canal  is  closed;  at  the  base  it 
presents  three  openings,  of  which  one,  already  mentioned,  commimi- 
cates  with  the  vestibule ;  another^  called /sw^ra  rotunda,  is  separated 
by  a  membrane  from  the  cavity  of  the  tympanum ;  the  third  is  the 
orifice  of  t!ie  aquceductixs  eochlem,  a  canal  leading  to  the  jugular  fossa 
of  the  petrous  bone.  The  spiral  canal  is  divided  into  two  passages, 
or  scalm  (staircases),  by  a  partition  formed  partly  of  bone,  the  lamina 
BpiraliS,  connected  with  the  modiolus,  and  partly  of  a  membrane 
called  the  basilar  membrane. 

The  Membranous  Labyrinth.— The  membranous  labyrinth 
corresponds  generally  with  the  form  of  the  osseous  labyrinth,  ao  far 

as  regards  the  vestibule  and  semicircular 
canals,  but  is  separated  from  the  walls 
of  these  parts  by  perilymph,  except 
where  the  nerves  enter  into  connection 
with  it  The  labyrinth  is  a  closed 
membrane  containing  endolymph,  which 
is  of  much  the  same  composition  as  peri- 
lymph, but  contains  lees  solid  matter. 
In  the  cochlea,  the  membranous  labyrinth 
completes  the  septum  between  the  two 
scalm^  and  encloses  a  spiral  canal,  called 
the  canalis  mchlem  (fig.  645).  The  fluid 
in  the  scalm  of  the  cochlea  is  continuous 
with  the  perilymph  in  the  vestibule  and 
semicircular  canals.  The  vestibular  por- 
tion of  the  membranous  labyrinth  com- 
prises two  communicating  cavities,  of 
which  the  larger  and  upper  is  named 
the  utride :  the  lower,  the  mccuh.  They 
are  lodged  in  depressions  in  the  bony 
labyrinth,  termed  respectively/^^-m  h€mi- 
dliptim  and  ftyma  hemi^hertccL  The 
membranous  semicircular  canals  open  into  the  utricle ;  the  canal  of 
the  cochlea  opens  by  the  canalis  reuniens  into  the  saccule.  The 
accompanying  diagram  (fig.  545)  shows  the  relationship  of  all  these 
parts  to  one  another. 

Auditory  Nerve* — ^All  the  organs  now  described  are  provided 
for  the  appropriate  exposure  of  the  filaments  of  the  auditory  nerve 
to  vibrations.     It  enters  tlie  meaitts  auditorim  inUmi^  with  the 
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Fto.  MS.— nUsniin  of  ih%  right  luem* 
bnmouB  iKbyftiiili,  U^  UtTicla*  tnto 
wMcb  thfi  tnrti*  HmliUrculi^r  caiuiLs 
op«n  \  a,  »«cciil«t  cutniiiuuicuUtig 
wStli  thfl  cochla*  (CJ  hy  CJl,,  tbe 
ciwAliA  naolAni,  mod  wltb  the  Titrlcle 
fay  ft  can&l  bavlag  Ott  It  ftu  ftnUr^i^' 
mfifit,  tb«  Miceut  mdolymijhatkuA 
(S.B.J.  Thfl  bicck  ih^dliig  nspr^ 
wmU  tlw  plaoai  of  tarmtEtatbn  of 
tb«  amdiUitj  nem^  cunnoLyi  In  tb« 
inMjtiliEi  ot  thfl  utdclfl  anrll  ii«ccul<?; 
tAia  criflto  In  the  Mnptillmry  etiib  of 
tks  tiam  ivi)tRMTim\M.T  cwuili :  ^nd 
fn  Ui«  whole  leni^h  gf  tbe  vAntd  of 
thft  oocbleft^    (After  Scbikfer*) 
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Flo,  540.— Tl«v  of  ths  m^BDUM  oocbk« 
divided  tliiDiteh  tbe  mlddto.  I,  Gealml 
cuuil  or  Dii»  modlaluA ;  S,  Umlim  «i»lrml]8 
OBMA ;  S|  SGAlii  tjmpuf ;  4,  tnla  Tvctl* 
bult;  5,  pc^rontJiubfttvico  of  the  tnodlolim 
npar  onfl  of  the  M«tji5ii6  of  th*  embftlL* 
splfali*  modioli*    f    (ArtioldJ 


facial  nerve  and  the  nervus  intermedius,  and,  traversmg  the  bone, 
enters  the  labjrinth  at  the  angle  between  the  base  of  the  cochlea 
and  the  vestibule,  in  two  divisions ;  one  for  the  veBtibule  and  semi- 
circular canals,  and  the  other  for  the  cochlea. 

There  are  two  branches  for  the  vestibule,  one,  superior,  distri- 
buted to  the  utricle  and  to  the  superior  and  horizontal  semicircular 
canals,  and  the  other,  inferior,  which 
arises  from  the  cochlear  nerve,  ends  in 
the  saccule  and  posterior  semicircular 
canal  The  inferior  ner%^e,  although  it 
is  contained  for  some  distance  in  the 
sheath  of  the  cochlear  nerve,  is  really 
composed  of  vestibular  fibres,  Ti  le  ter- 
minations of  the  nerve  in  the  saccule, 
utricle,  and  semicircular  canals  have 
l)een  already  described  in  page  72 1 ; 
so  we  can  pass  at  once  to  the  cochlea. 
This  is  best  seen  in  vertical  section; 
the  cavity  is  divided  partly  by  bone 
(the  spiral  lamina),  partly  by  membrane  (the  basilar  memhraTte),  into 
two  spiral  scalsD,  the  seala  tympani  and  smla  vcdihuli  (fig*  546).  The 
basilar  membrane  increases  in  breadth  from  the  hise  towards  the  a]iex 
of  the  cochlea.     It  contains  fibres  (about  24,000  in  all)  euibedded 

in  a  homogeneous  matrix, 
and  running  radially,  from 
the  spiral  lamina  to  the 
spiral  ligament f  where  its 
other  end  is  again  attached 
to  the  bone.  At  the  apex  of 
the  cochlea,  the  lamina  ends 
in  a  small  ham\du$,  the  inner 
and  concave  part  of  which 
being  detached  from  the  sum- 
mit of  the  modiolus,  leaves 
a  small  aperture  named  the 
hdicotrema,  by  which  th(?  two 
scalse,  separated  in  all  the 
rest  of  their  length,  com- 
municate. 

Besi<le8  the  scala  vestibuli 
and  seala  tympani,  there  is  a 
third  space  between  them, 
called  scala  media  or  canal  (jf  tJm  cochlm  (CC,  fig.  547).  In  section 
it  is  triangular,  its  external  wall  being  formed  by  the  wall  of  the 
cochlea,  its  upper  wall  (separating  it  from  the  scala  vestibuli)  by 
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Fio.  547, ^Section  tliFuu|^h  rjiitior  tl]«  ooils  of  Ibt  ooebla* 
fdtisimmmitiG).  ^T,  ^aU  tyiUjiAtif ;  Sl%  sidJa  v»ti* 
ball ;  CVt  c«n«lla  crxiilea  or  cAnalfi  membrtriiioeufl  i 
J7,  membnoa  at  Relsaiier ;  Itrt,  kudoi  »<plr«IU  osa/m ; 
Um,  Umbos  !aitiliu&  Bpltftllii^  is,  ai^lctiA  ii|)lrflj)«;  fur, 
iKicM«Kr  nerve;  ffs^  ginfi^lioD  ttHrale;  t,  menibrmn& 
leotorli  (below  tbe  menibnni  tectorfa  ii  thft  Umln« 
nycuUnR)  i  ht  mftmbraiiA  bMilAfii  ;  Co,  TOdi  tut  €ofU  \ 
h^t  Ug*io«ntiim  ■pinilft,    (Qa&fn.) 
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the  membrane  of  BeiasEer,  and  its  lower  wall  (separating  it  from 
the  Bcala  tympani)  by  the  basilar  membrane,  these  two  meeting  at 
the  outer  edge  of  the  bony  lamina  spiraliB.  Following  the  turns  of 
the  cochlea  to  its  apex,  the  aoala  media  there  terminates  biindlj; 
while  towards  the  &se  of  the  cochlea  it  is  also  closed,  with  the 
exception  of  a  very  narrow  passage  (canalis  reiiniens)  uniting  it 
with  the  saccule.  The  scala  media  (like  the  rest  of  the  membranous 
labyrinth)  contains  endolymph. 

Organ  of  CoHi — Upon  the  basilar  membrane  are  arranged  cells 
of  various  shapes.  About  midway  between  the  outer  edge  of  the 
lamina  spiralis  and  the  outer  wall  of  the  cochlea  are  situated  the 
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Fia.  MA.— Vorttcat  i\mi\Qti  oF  tbe  orgmn  of  Gortl  froni  tba  dag.  1  to  S,  UomcpgoiVfloiu  layer  at  tll« 
niflfflbfiktLii  builjLiiji  \  Uf  vfistlbaUr  layer;  i.\  tytnpa&AL  Uyer,  with  tiueM  uid  [^lotoplAam ;  ^  pro^ 
l^gfttloa  of  tympaoAi  |>«iiust«t}Tii  at  liiEiilnji  splr&llpi  qa-^a  v  c,  tbickeued  commetic^meTil  of  Um 
meiiibrftDi^  bullATla  UB&r  the  polmt  of  perforatioD  ot  tlie  neirw  A  ;  d,  blood- v^^iel  (vu  Np{rBl«>;  c, 
bl'XHl-veuel ;  /,  Bi&rvw ;  g.  tb«  epltbelium  of  tUo  ^ulciiji  spiralis  bteruiiB;  i,  bit«ni&l  bmlrA»llt  wtlfr 
b&M]  procegs  ]t»  nnnonnde^  with  ttudel  imt]  pioiopljum  (of  thA  )?r&niilAr  liyer),  toto  wM^  tbi 
tisrva-ttbfttji  TOiUkte  \  fp  h&lra  of  tbe  lat«mAl  hnir-cflll  ;  n^  b&im  or  fbot  qf  tai»T  pilLftr  of  ofgnu  df  OiTitt  i 
m,  tie«fl  of  tba  s&ma  unlttn^  with  thA  comflponding  purt  of  an  ^txt^oAJ,  iiLLUf,  -wIiOBfr  under  lujf  |> 
OiLuihgf  while  the  ogxt  plHar  bfyood,  »»  prvieiits  both  middle  ijontUvn  mud  bu«;  r.  t.  rj,  thna 
extazual  balr-ceUs :  £,  hues  of  two  oelgbbburCiig  h&lr  or  tuftetl  celli ;  f,  tupporting  oeU  of  DviJtan  I 
W|  neirehUbn  ftrborljiiiig  round  ih«  drat  of  tav  cxteiiwl  luilr^ceiUi ',  I  I  to  l^  lAmlui  retk'ulftrl»« 
X  800,    (WaJdeyftT.) 

rods  of  CqtH.  Viewed  sideways,  they  are  seen  to  consist  of  an  I 
external  and  internal  pOlar,  each  rising  from  an  expanded  foot  or] 
base  attached  to  the  basilar  membrane  (o,  n,  fig.  548).  They  slant! 
inwards  towards  each  other,  and  each  ends  in  a  swelling  termed  the ' 
h^ad ;  the  head  of  the  inner  pillar  overlies  that  of  the  outer  (fig  548). 
Each  pair  of  pillars  fonns  a  pointed  roof  arching  over  a  space,  and 
by  a  succession  of  them  a  tunnel  is  formed. 

There  are  about  3000  of  these  pairs  of  pillars,  in  proceeding  from 
the  base  of  the  cochlea  towards  its  apex.     They  are  found   pro- 
gressively to  increase  in  length,  and  become  more  obUque ;  in  other 
words,  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we  | 
approach  the  apex  of  the  cochlea.    Leaning  against  the  rods  of  Corti  ! 
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are  certain  other  cells  called  hair-cells,  which  terminate  in  BmaU 
hair-like  processes.  There  are  several  rows  of  these  on  the  outer 
and  one  row  on  the  inner  side.  Between  them  are  certain  sup- 
porting cells  called  cells  of  Deitcrs  (fig.  548,  x).  This  structure  resta 
upon  the  basilar  membrane ;  it  is  roofed  in  by  a  fenestrated  mem- 
brane or  lamina  reticularis  into  the  fenestrae  of  which  the  tops  of 
the  various  rods  and  cells  are  received.  When  viewed  from  above, 
the  organ  of  Corti  shows  a  remarkable  resemblance  to  the  key- 
board of  a  piano.  The  top  of  the  organ  is  roofed  by  the  Tnembrana 
tedoria  (fig.  547,  t)  which  extends  from  the  end  of  the  Hmbus 
{Us,  fig,  547),  a  connective  tissue  structure  on  the  spiral  lamina. 
The  ^ral  ganglion  from  which  the  cochlear  nerve*fibres  originate  is 
situated  in  the  spiral  lamina.  The  peripheral  axons  of  its  bipolar 
cells  arborise  around  the  hair-cells  of  the  organ  of  Corti :  the  central 
axons  pass  down  the  modiolus,  and  thence  to  the  pons  (see  p.  654). 


Phyeiology  of  Hearing. 

Sounds  are  caused  by  vibrations ;  when  a  piano-string  is  struck, 
it  is  thrown  into  a  series  of  rapid  regular  vibrations;  the  more 
rapidly  the  vibrations  occur  the  higher  is  the  pikh  of  the  musical 
note;  the  gi*eater  the  amplitude  of  the  vibration,  the  louder  or 
more  intense  is  the  tone;  if  the  vibrations  are  regular  and  simple 
(pendular),  the  tone  is  pure ;  if  they  are  regular  but  compound,  the 
tone  is  impure,  and  its  quality  or  ihnbre  is  dependent  on  the  rate 
and  amplitude  of  the  simple  vibrations  of  which  the  compound 
vibmtions  are  couiposed.  The  vibrations  are  transmitted  as  waves, 
and  ultimately  affect  the  hair-cells  at  the  extremities  of  the 
auditory  nerve  in  the  cochlea*  The  semicircular  canals  are  not 
concerned  in  the  sense  of  hearing ;  their  function  in  connection  with 
equilibration  is  described  in  Chapter  XLIX.  The  exterual  and 
middle  ears  are  conducting;  the  internal  ear  is  conducting  and 
receptive.  In  the  external  ear  the  vibrations  travel  through  air ;  in 
the  middle  ear  through  solid  structures — membranes  and  bones  ;  and 
in  the  internal  ear  through  fluid,  first  through  the  perOymph  on  the 
far  side  of  the  fenestra  ovalis ;  and  then  the  vibrations  pass  through 
the  basilar  membrane  and  membrane  of  Eeisaner,  and  set  the  endo- 
lymph  of  the  canal  of  the  cochlea  in  motion. 

lliis  is  the  normal  wny  in  which  the  vibrations  pass,  but  the  cndolyniph  amy  be 
affected  in  other  ways,  for  instance  Uirough  the  other  bones  of  the  head :  one  cojit 
for  example,  hear  the  ticking  of  one's  watch  when  it  is  placed  between  the  teeth, 
even  when  the  ears  are  stopped.  From  this  fact  is  derived  a  valuable  practical 
ruetliod  of  disttn^ishtng  in  a  deaf  person  what  part  of  the  oiigan  of  hearing  is  at 
fault.  The  patient  may  not  be  able  to  hear  a  watcn  or  a  tuninff-fork  when  it  is  held 
close  to  the  ear  ;  but  d  lie  can  hear  it  when  it  is  placed  between  his  teeth,  or  on  his 
forehead*  the  malady  is  locaJised  in  either  the  external  or  raiddle  ear ;  if  he  can  hear 
it  in  neither  situation,  it  is  a  much  more  serious  case,  for  then  the  Internal  car  or  the 
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nervoiia  mechamsm  of  heariog  is  at  fault  In  disease  of  the  middle  ear  the  lieariag 
of  low  tones  is  especially  affected ;  hi^  toDes  appear  to  be  transmlssibSe  by  bonc" 
cooductioti  more  readily  limn  low. 

In  connection  with  the  external  ear  there  is  not  much  more  to' 
pud ;  the  pinna  in  many  animals  ib  large  and  acts  as  a  kind  of  natural 
ear-trumpet  to  collect  the  inbrations  of  the  air;  in  man  this  fimctiou 
is  to  a  very  great  extent  lost,  and  though  there  are  muBclefl  present  to 
move  it  into  appropriate  postures,  they  are  not  under  the  control  of  the 
will  in  the  majority  of  people,  and  are  functionless,  ancestral  vestiges. 

In  the  middle  ear,  however,  there  are  several  points  to  be  con- 
sidered, namely,  the  action  of  the  memhrana  tympani,  of  the  ossicles, 
of  the  tympanio  muscles,  and  of  the  Eustachian  tube, 

Tks  Memhrana  Tympani. — ^This  membrane,  unlike  that  of 
ordinary  drums,  can  take  up  and  vibrate  in  response  to,  not  only  its 
own  fundamental  tone,  but  to  an  imraeuBe  range  of  tones  differing 
from  each  other  by  many  octaves,  Thia  would  clearly  be  impoB- 
sible  if  it  were  an  evenly  stretched  memhrana  It  is  not  evenly  nor 
very  tightly  stretched,  but  owing  to  its  attachment  to  the  chmn  of 
ossicles  it  is  sligbtly  funnel-shaped :  the  ossicles  also  damp  the  con- 
tinuance of  the  vibrations. 

When  the  membrane  gets  too  tightly  stretched,  by  increase  or 
decrease  of  the  pressure  of  the  air  in  the  tympanum,  then  the  sense 
of  hearing  is  dulled.  The  pressure  in  the  tympanic  cavity  is  kept 
the  same  as  that  of  the  atmosphere  by  the  Eustadiian  iuhe^  which 
leads  from  the  cavity  to  the  pharynx,  and  so  to  the  external  air* 
The  Eustachian  tube  is  not,  however,  always  open;  it  is  opened  by 
the  action  of  the  Umor  paiati  during  swallowing.  Suppose  it  were 
closed  owing  to  swellmg  of  its  mucous  membrane — ^this  often 
happens  in  inflammation  of  the  throat^ — the  result  would  be  what  is 
called  Eusiaehian  or  throat  dm/iicsSt  and  this  is  relieved  by  passing 
a  catheter  so  as  to  open  the  tube.  When  the  tube  is  closed,  an 
interchange  of  gases  takes  place  between  the  imprisoned  air  and  the 
blood  of  the  tympanic  vessels.  In  time,  as  in  the  aerotomometer 
(see  p.  381),  equilibrium  is  established  and  the  tension  of  the 
imprisoned  gases  becomes  equal  to  that  of  the  blood-gases,  not  to 
that  of  the  atmosphere.  The  membrane  is  therefore  cupped  inwards 
by  the  atmospheric  pressure  on  its  exterior ;  it  is  this  increased 
tightening  of  the  membrane  that  produces  deafness.  There  is  also 
an  accumulation  of  mucus.  When  one  makes  a  violent  expiration, 
as  in  sneezing,  some  air  is  often  forced  through  the  Eustachian  tube 
into  the  tympanum.  The  ears  feel  as  though  they  were  bulged  out, 
as  indeed  the  memhrana  tympani  is,  and  there  is  again  partial  deaf- 
ness, which  sensations  are  at  once  relieved  by  swallowing,  so  as  to 
open  the  Eustachian  tube  and  thus  re-establish  equality  of  pressura 

The   ossicles    communicate    the    vibrations    of    the    membrana 
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tympani  (to  which  the  handle  of  the  maUeus  is  fixed)  to  the  mem- 
brane which  closes  the  fenestra  ovalis  (to  which  the  foot  of  the 
stapes  ia  attached),  ThuB  the  vibrations  are  communicated  to 
the  fluid  of  the  intornal  ear  which  is  situated  on  the  other  side  of 
the  oval  window. 

The  accompanying  diagram  will  assist  us  in  understanding  bow 
this  is  brought  about.  The  bones  all  vibrate  as  if  they  were  one, 
the  slight  movements  between  the  individual  bones  being  inappreci- 
able. The  utility  of  there  being  several  bones  is  seen  when  the 
vibrations  are  excessive;  the  small  amount  of  "give"  at  the 
artieulations  is  really  protective  and  tends  to  prevent  fractures. 

The  handle  of  the  malleus  is  inserted  between  the  layers  of  the 
tympanic  membrane ;  the  processus  gracilis  (p.  g.)  has  its  end  A 
attached  to  the  tympanic  wall  on 
the  inner  aspect  of  the  Glaserian 
fissure ;  the  end  B  of  the  short  pro- 
cess (s,  p.)  of  the  inctis  is  fastened 
by  a  ligament  to  the  opposite  wall 
of  the  tympanic  cavity;  the  end 
D  of  the  long  process  of  the  incus 
articulates  with  the  stirrup,  the 
base  of  which  is  turned  towards 
the  reader.  The  handle  vibrates 
with  the  membrana  tympani ;  and 
the  vibrations  of  the  whole  chain 
take  place  round  the  a^  qf  rota- 
ii&n  AB.  Every  time  C  comes 
forwards  D  comes  forwards,  but 
by  drawing  perpendiculars  from  C  and  D  to  the  axis  of  rotation,  it  is 
found  that  D  is  about  J  of  the  distance  from  tlie  axis  that  C  is.  So 
in  the  transmission  of  the  vibrations  from  membrane  to  membrane 
across  the  bony  chain,  the  amplitude  of  the  vibration  is  decreased  by 
about  J,  and  the  force  is  correspondingly  increased  This  increase  of 
power  is  augmented  by  the  fact  that  the  tympanic  membrane  concen- 
trates its  power  upon  an  area  (the  membrane  of  the  oval  window)  only 
one- twentieth  of  its  size.  The  final  movement  of  the  stapes  is^  however, 
always  very  small ;  it  varies  from  j\  to  less  than  loioq  of  a  milh'metre. 

The  action  of  the  tiTisor  tympani,  by  pulling  in  the  handle  of  the 
malleus,  increases  the  tension  of  the  membrana  tympanL  It  is 
supplied  by  the  fifth  nerve.  It  is  opposed  by  the  strong  external 
ligament  of  the  malleus.  The  stapnditti  attached  to  the  neck  of  the 
stapes  tilts  it  backwards  and  diminishes  the  intra-tympanic  air- 
pressure.     It  is  supplied  by  the  seventh  nerve. 

The  next  very  simple  diagram  (fig.  650)  will  explain  the  use  of 
ih^fatistra  rotunda. 


-foot  of 
Stapes 


Fio,  :i49.— Ditgramztuitlc  vi^w  ofnar  oaafcli$s» 


The  coclilea  is  supposed  to  be  imeoiled ;  the  sc^Ia  vestibuli  leads 
from  the  fenestra  ovalld^  to  the  other  side  of  which  the  stapes  is 
attached ;  the  scala  tympaai  leads  to  the  fenestra  rotunda ;  the  two 
sealie  communicate  at  the  helicotrema,  and  are  separated  from  the 
canal  of  the  cochlea  by  the  basilar  membrane,  and  the  membrane  of 
Beisaner.     C.R  is  the  canalis  reunions  leading  to  the  saccule.     The 
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cochlea  is  filled  with  incompressible  fluid  in  an  inexpansible  bony 
case,  except  where  the  windows  are  closed  by  membranes.  Hence 
every  time  the  membrane  of  the  oval  window  is  bulged  in  by  the 
stimip,  the  membrane  of  the  round  window  is  simultaneously  bulged 
out  to  the  same  extent,  and  mce  versd.  These  changes  of  pressure 
are  transmitted  from  one  scala  to  the  other  directly  through  the 
cochlear  canal,  setting  it  into  vibration,  and  throiigh  the  helicotrema. 

The  range  of  hearing  extends  over  10  or  11  octaves;  the  lowest 
audible  tone  having  about  20,  the  highest  about  26,000,  vibrations 
per  second.  The  range  varies  in  different  people,  and  diniiniahee 
from  childhood  onwards.  The  upper  limit  of  heariug  may  lie  tested 
by  minute  timing-forks,  metal  rods,  or  by  Gralton's  wMstle,  Many 
animals  appear  to  be  able  to  detect  high  tones  which  lie  beyond  the 
human  LLmit.  The  lower  limit  may  be  determined  by  very  large  tuning- 
forks,  or  by  employing  very  low  difference-tones. 

Difference-tones  are  produced  when  two  tones  of  different  pitch, 
m  and  n,  are  soimded  together,  A  tone  having  the  pitch  m  minus  n 
ia  then  heard  in  addition  to  the  tones  m  and  n :  also  a  summation 
tone  of  pitch  m  plus  n  may  be  heard,  but  with  greater  difficulty. 
When  m  and  n  are  nearly  equal,  a  beating  tone,  instead  of  a  differenee- 
tone,  results,  having  a  pitch  somewhere  intermediate  between  m  and  n. 
If  the  difference  between  m  and  n  is  exceedingly  small,  this  beating- 
tone  alone  is  heard  The  frequency  of  the  beats  corresponds  to  the 
difference  in  vibration-rates,  m  and  n.  Under  certain  conditions  the 
difference  and  summation-tones  (which  are  collectively  called  combina- 
tion-tones) exist  in  the  air;  their  presence  being  demonstrable  by 
their  re-inforcement  before  appropriate  resonators.  More  generally, 
however,  they  appear  to  be  produced  within  the  ear,  i.§.,  they  have 
merely  a  subjective  origin.  The  smallest  perceptible  difference  in 
pitch  between  two  successive  tones  is  about  0*2  vibrations  in  the 
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middle  region  of  the  piano  for  trained  subjects.  Practice  effects 
extraordinary  improYementi  even  among  the  most  immuaicaL 

There  can  be  little  doul^t  that  the  cochlea  ia  the  organ  speciallj 
concerned  in  hearing.  It  first  appears  among  vertebrata  in  certain 
fiBhea  as  a  very  rudimentary  structure.  If  the  cochlea  is  removed 
from  doga,  they  become  deaL 

There  are  two  claases  of  theories  of  heariug,  in  both  of  which  the 
basilar  membrane  of  the  cochlea  plays  the  essential  part. 

The  one  class  comprises  the  many  "sound-picture"  theoriefe 
which  have  been  advanced  in  very  various  forms  by  Rutherford, 
Waller,  Hurst,  Ewald,  and  Meyer,  The  entire  basilar  membrane  is 
supposed  to  vibrate  either  as  a  telephone  plate,  or  as  an  elastic  mem- 
brane, different  tones  or  combinations  of  tones  giving  rise  to  different 
patterns  of  vibrations  which  are  communicated  to  the  haii^H^ells 
and  thence  by  the  auditory  nerve-fibrea  to  the  brain,  where  (in 
Eutherford'a  theory)  the  analysis  of  these  patterns  is  held  to  take  place. 

The  other  is  the  resonance-theory  of  Hehnholtz,  in  which  the 
pitch  of  a  tone,  or  the  analysis  of  a  complex  sound  into  its  constituent 
tones,  is  determined  not  in  the  brain  but  in  the  cochlea.  It  depends 
on  the  principle  of  sympathetic  vibration.  As  is  well  known,  if  a 
tone  is  sung  in  front  of  a  piano  (beat  with  the  loud  pedal  held  down), 
the  string  of  the  piano  which  is  attuned  to  that  tone  wUl  immediately 
respond ;  another  tone  will  elieit  response  from  another  string.  So 
in  the  cochlea  the  appropriate  fibre  of  the  basilar  membrane  is  thrown 
into  vibration  when  the  tone  to  which  it  is  attuned  reaches  it.  The 
fibre  thus  stimulated  affects  the  hair-ceils  above  it,  whence  the  stimulus 
is  conducted  to  the  brain.  If  two  tones  are  sounded  together,  the  two 
appropriate  fibres  respond,  and  the  analysis  of  the  now  more  complex 
stimulus  is  performed  in  the  cochlea.  The  fibres  of  the  basilar  mem- 
brane increase  in  radial  length  from  the  base  towards  the  apex  of  the 
cochlea.  According  to  the  resonance-theory,  the  upper  part  of  the 
organ  would  thus  be  affected  by  low  tones,  the  lower  part  by  high  tones. 

The  first  of  these  two  classes  of  theory  makes  it  difficult  or 
impossible  for  us  to  explain  our  ability  to  analyse  complex  chords 
into  their  component  tones.  The  full  acceptance  of  the  second  is 
difficult  in  the  face  of  the  small  difference  of  length  (at  most  1:12) 
between  the  shortest  and  the  longest  of  the  basilar  fibres.  On  the 
other  hand,  it  gains  support  from  the  effects  of  experiment  on,  and 
disease  of,  different  portions  of  the  cochlea.  For  instance,  the  deaf- 
ness to  high-pitched  tones  (seen  in  boiler-makers)  is  stated  to  be 
associated  with  disease  of  the  lower  whorl  of  the  cochlea. 

It  may  be  that  the  fibres  of  the  basilar  membrane  do  not 
vibrate  as  Helmholtz  supposed,  but  that  the  hair-cells  themselves 
are  each  in  some  unknown  way  specially  attuned  to  respond  only  to 
one  of  the  many  tonal  stimuli  which  may  reach  them  (Myers). 


The  fundamental  tones  of  the  voice  are  produced  by  the  current  of 
expired  air  causing  the  vibration  of  the  vocal  cords,  two  elastic  bandg 
contained  in  a  cartilaginous  box  placed  at  the  top  of  the  wind-pipe 
or  trachea*  This  box  is  called  the  larynx.  The  sounds  produced 
here  are  modified  by  other  parts  such  as  the  tongue^  teetb^  and  lips, 
aa  will  be  explained  later  on. 


Ana^tomy  of  the  'L&ryia^ 

The  cartilages  of  the  larynx  are  the  thyroid »  the  crit-oid,  the  two  aryteaoitls. 
Xliese  are  the  most  importaJit  for  voice  productioo ;  they  are  niiide  of  hjsdme  cttrU- 


,^,  n.  £$tfln;objoldmi9> 


Oarnti  lup. 


■^  m^  ThjT^hjQldmi*^ 


C»rt.  tmchoilo  ^*:** 


i 'iLi.  ftM .—  j  hn  tUQ  itX|  iJi  mmi  ftom  tha  tnmi  ibowrfng  Ibo  cartllfts«s  mad  Ufs^mtsttM.    The  uiiu^lttt,  witli 
ibi  «xo«pUon  of  ma^  crioo-ttiyrofd,  u«  est  ofT  nboii.    (StOArlc,) 

hvi^i\     Tlwn  thf?re  lire  \he  t^pigloUis,  two  corniculari  and  two  cunctfomi  eartilu^s. 
Thcsr*  are  made  of  y<?(lf)W  fibro-c'ttttUogc, 

TUe  thiftmi  cftrtiJftf**  (%♦  55*i,  1  to  4)  does  not  form  a  complete  ring  around  the 
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laiyQz,  but  only  covets  the  front  pottioiL  It  forms  Uie  prominence  in  front  of  the 
throat  knowti  as  Adam's  apple.  The  ^^rieoid  cartilage  (fig.  *^»52,  5,  6),  on  the  other 
f-arid,  fs  a  complete  ring;  the  back  part  of  the  ring  is  mucn  broader  uian  the  front, 
On  the  top  of  this  broad  portion  of  the  cricoid  are  the  itrt/tfnmd  cartilages  (fig. 
552»  7);  the  connet^tion  between  the  cricoid  below  and  arylenoid  cartilages  above 
is  a  joint  with  synovial  membrane  and  ligaments,  the  ktter  permitting  tolerably  free 


I--- 


■& 


Pj(1.  S6l!.<-^€krtiUije3  of  tho  larynx  Rfteu  from  this  rmbU  I  taA^  TbjTold  cajtUjue;  l»  verifo^l  ridge  or 
pomutn  Arijitnl ;  s^  rtght  ^ft;  8,  RupertoT*  and  i^  Inferior  comu  at  tbn  rigbt  iJUs ;  fi,  d,  mi)QsM  eifti- 
Ikgc ;  5,  lnflld*>  of  the  poaterJor  pirt ;  6,  unteriur  narrow  pfcrt  of  tUo  ring ;  7»  »fytenolt5  ctrtOftgfi.    K  f, 

motion  between  them.  But  although  the  arytenoid  cartil^s  can  move  on  the 
cricoid,  they  accompany  the  latter  in  all  its  movements.  Tiie  base  by  means  of 
which  each  arytenoid  cartilage  sits  on  the  cricoid  is  trianguJar  ;  the  anterior  angle  is 
often  called  tlie  vocal  process  :  to  it  the  posterior  ends  of  the  true  vocal  cords  are 
attached.     The  outer  angle  is  thick  and  called  the  muscular  process. 

The  cornieutar  cartilages,  or  cartilages  of  SantorifU,  are  [>erclied  on  the  top  of 


Llg.  ftfy-eplglott. 
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Cart.  Wr1ibei>!i: 

Out.  HiutohiH    [    \ 

Out.  uyt^u. 

Proo.  miuKJul, 

LIg.  oricoftrytftD* 
Lig.  ftfinto-ciioo^  pent.  sap.  --■ 

OtJirfiQ  Infer.  — 
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'"f^Afis  msMibmu 


Tta,  S^.-'Hit  lArynx  u  i 


i  from  ImMqcI  Aft^r  ttunoval  of  tha  miud««. 
on  I  J*  fetnatii.    C&towk.) 


Tb«  C4rtllig!aa  and  UgftmenU 


the  arytenoids ;  the  cuneiform  cartikges,  or  cartilages  of  Wrisberg,  are  in  a  fold  of 
mucous  membrane  ;  the  epiglottis  looks  like  a  lid  to  the  whole  (fig.  fl53). 

The  thjToid  cartilage  is  connected  with  the  cricoid*  by  the  crico-thyroid  mem- 

-e*  and  also  by  joints  with  synovid  merabrdue^ ;  the  lower  comma  of  the  thjToid 

1  the  cricoid  between  them,  yet  not  to  tightly  but  that  the  thyroid  can  revolve* 

in  a  certain  range,  arotmd  an  axis  passing  transversely  ttirough  the  two  joints 


70iGft  AKn  srmoB 


ICM.  hT, 


¥  pig  to  til  ^ 


FM.C- 


V,Ci' 


li^N.^^ 


at  which  the  cricoid  is  djisped.    The  voeai  cords  are  attai.-hed  behind  to  the  treat 

portion  of  the  ba^e  (voc&l  prticess)  of  the  ar>i;cnoid  carttlages,  and  in  front  ta  tiie 
fe-t-nterin^^  angle  Ht  the  back  of  the  thyroid  i  it  is  evident^  thert^forc,  thnt  all  mov^ 
ments  of  either  of  these  cartilages  must  protluct  <in  cifet^t  on  them  of  ^ome  kind  or 
other*  Inasmuch,  toOj  as  the  nrytf  noid  cartik^es  rest  on  the  top  of  the  l>ack  portion 
of  the  cricoid  cartiloge,  and  are  connected  with  it  by  capsular  and  other  lig^ametits, 
ad  movements  of  the  cricoid  cartilage  must  more  the  aiTtenoid  cartilag^is/and  aiso 
produce  an  effect  on  the  vocal  cords* 

Mucoue  membrane.— The  larynx  is  lined  with  a  mucous  membrane  continuous 
with  that  of  the  trachea  ;  this  is  covered  with  ciUated  epitheUiim  except  over  lJb«  tocjiI 

cords  and  epigiottis,  where  it  Is 
stratified.  The  vocal  cords  are 
thickened  bauds  of  elastic  tissue  tn 
this  mucous  membrane  which  run 
from  before  back.  They  ar^e  at- 
tached behind  to  the  vocal  processes 
-H.  of  the  arytenoid  cartilages,  and  in 
front  to  the  anuUt  where  the  two 
wings  of  the  thyroid  meet  The 
chink  between  theiu  is  called  the 
ntna  ffhUitik  (see  %.  554).  Two 
ridges  of  mucous  membrane  above 
«od  parallel  to  these  are  called  the 
faUB  vocdl  cQrti4;  between  the  true 
and  false  vocal  cord  on  each  side  is 
a  recess  called  the  I'fnfrietfi. 

MuHClea.— The  musdefi  of  the 
R.G.  larynx  are  divided  into  mtriusic  and 
extrinsic.  The  intrinsic  are  named 
-T .  A .  from  their  attachtnents  to  the  various 
cartilages ;  the  extrinsic  are  those 
which  connect  the  larynx  to  otb^ 
parts  hke  the  hyoid  bone. 

The   intrinsic   muscles    of   the 
larynx  are  as  follows: — 
I*  Orico^iyroid* 

2.  Posterior  cricoarytenoid* 

3.  Lateral  crico-aryt en  Old. 

4.  Thyro-arytenoid* 

5.  Arytenoid, 
All    these    muscles  except   the 

arytenoid  are  in  pairs. 

Their  attachments  and  actions 
are  as  follows  : — 

L  Ci-ieo- thyroid. --This  Is  a 
short,  thick  triangular  musdc,  at- 
tached below  to  the  cricoid  cartilage ; 
this  attachment  extends  from  the  middle  line  baekwiirds*  The  fibres  pass  upwards  j 
and  outwards,  diverging  slightly  to  be  attached  above  to  the  inferior  border  of  the! 
tliyroid  cartilage^  and  to  Uie  antt  rior  border  of  its  lower  comu.  In  the  Jatter  portion 
of  the  rauacle  the  fibres  arc  nearly  hori?,ontaL  Some  of  the  superficial  fibres  are 
continuous  with  those  of  the  inferior  constrictor  of  the  pharynx 

The  thyroid  cartilage  being  fiJccd  by  extrinsic  muscles,  the  contraction  of  this 
muscle  draws  upwards  the  anterior  part  of  the  cricoid  cartilage,  and  depresses  the 
posterior  part,  and  with  it  the  arytenoid  cartilages,  so  th^it  the  vocal  cords  lire 
stretched.  Paralysis  of  these  musc'les  therefore  causes  an  inability  to  produce  high- 
pitched  tones< 

2.  Posterior  a'tCfz-ttri/tenoiiL — This  arises  from   the  broad   depression  on  tl\ej 
corresponding  half  of  the  posterior  surface  of  the  cricoid  cartilage ;  its  5bres  con- 
verge upwards  and  outwaros,  and  are  in^rted  into  the  outer  angle  of  the  base  of  the 


Ptn»  5M,— Vertlcjil  seetLon  tkroDgh  the  l&nrn: 

'  "  "  T*,  thyroid  c4tH- 


from  Hide  to  st<le.  H,  Hjokl  bom* :  T*,  tfiyrold  caTtf- 
lAge;  T.C.M,,  thyt^flricjtjid  tnetabrtiqp;  d  cricoid 
eiutllAge;  Tr,,  Hrst  ring  of  trbclica;  T,A,f  tb^TD* 
HTytenQlcl  nmacld;  K.G^irimB  glottidlfl  -  V.C.,  votr&I 
I'ufd  t  v.,  vtfdtrlcle ;  F^V-C,  f»ls<?  voc«J  card.  ( Afl^^ 
Allpo  Thomfcm.) 
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arytenoid  cartikgie  behind  the  &ti&chm«!iit  of  the  ktcml  erifO-ttrftcnoid  muscle. 
Near  their  insertion  the  upper  fibres  are  blciult^  with  the  lower  fibres  of  the  ary-^. 
tenotd  muscle*  L 

These  muscles  draw  the  outer  angles  of  the  arytenoid  cartilages  backwards  and  ' 
inwards,  and  thus  rotate  the  anterior  or  vcx:^ai  processes  outwards,  and  widen  the 
rima  glottidis.    They  come  into  action  during  dei^p  inspiration ,    If  they  are  paralysed, 
the  lips  of  the  glottis  apprtiach  the  middle  line  and  come  in  contact  during  each 
inspiration,  so  that  dyspnoea  is  produced. 

3.  Laterul  cnco^frf/tf^mmL — This  arises  from  the  sloping  upper  border  of  the 
cricoid  cartilage,  and  is  inserted  into  the  muscular  process  of  the  arytenoid  carti- 
lage, and  the  adjacent  part  of  its  anterior  surface.  Its  upper  part  is  more  or  less 
blendetl  ulth  the  thyro-aiytenoidt  and  a  few  of  its  fibres  are  continuous  round  the 
outer  side  of  the  arytenoid  cartilage  with  the  arytenoid  muscle. 

These  muscles  draw  the  muscular  processes  of  the  arytenoid  cartilages  forwards 
and   downwards,  and   thus  ap- 
proxi  mate  the  Tocal  cords*    They 
are  antagonistic  to  the  posterior 
crico-arytenoids, 

4 .  Thy  ro  -  it  rift  ftHJvL  —  This 
consists  oif  two  portions,  inner 
and  outer.  The  inner  portion 
arises  in  the  lower  half  of  the 
angle  formed  by  the  ale&  of  the 
thyroid  cartilage,  and  passing 
bs^ wards  is  attached  behind  to 
the  vocai  process  and  to  I  he  ad- 
jacent parts  of  the  outer  surface 
of  til  e  ar ^-tenoid  cartilage.  T  hese 
fibres  are  joined  internally  by 
short  fibres  which  are  atti-hed 
ill  front  to  the  Yocal  cord,  and 
behind  to  the  vocal  proces*. 
Some  oblique  fihres  pass  ^m 
the  sloping  portion  of  the  cric«> 
thjToid  lucmhranc  below  the 
vocal  cord,  up  ward  5 »  outwards, 
and  somewhat  backwards,  to 
end  in  the  tissue  of  the  false 
vocal  cord.  The  fibres  of  the 
auUr  portion  arise  in  front  from 
the  thyroid  cartilage  close  to  the 
origin  of  the  inner  portion  and  from  the  CTiCf>-thyroid  membrane.  They  pass  back- 
wartis  to  be  inserted  in  part  into  the  lateral  border  and  muscular  process  of  the 
arytenoid  carlihige,  and  in  part  they  pass  obliquely  upwards  towards  the  arytentv 
epiglottidean  fold*  ending  in  the  false  voc«l  cord.  The  portion  of  this  muscle  which 
extends  towards  the  epiglottis  is  often  described  as  a  sejiarate  muscle  (Iht^ro- 
ttpifflfAfhiean)  *  it  resembles  the  crico-arytenoid  in  that  some  of  its  fibres  are  con- 
bnuoMS  with  those  of  the  arjHenoid  muscle. 

The  antero-posterior  fibres  will  tend  to  draw  forward  the  arytenoid  cartilage,  - 
and  with  it  the  posterior  (mrt  of  the  cricoid  cartilage »  rotating  the  latter  upwards 
and  antagonising  the  action  of  the  erico-thyroit!  niusele.  the  ctTect  being  to  relax  the 
vocal  cords*  But  if  the  latter  arc  kept  stretched  those  fibres  of  the  inner  portion  of 
the  muscle  which  are  inserted  into  the  voc^l  cord  may  serve  to  modify  its  elasticity, 
tightening  the  parts  of  the  cord  in  front  of,  and  relaxing  those  behind,  its  attacb- 
mcnt.  The  vertical  fibres  of  the  muscle  which  extend  firom  the  crico-tbyroid  mem- 
brane across  the  base  of  the  vocal  fold  and  over  the  ventricle  into  the  false  vocal 
cord,  render  the  free  e<lge  of  the  former  more  prominent  Then  tlie  fibres  which  are 
inserted  into  the  muscular  process  and  outer  surface  of  the  arytenoid  cartihige  will 
tend  to  draw  the  arytenoid  cartilage  forwards  and  rotate  it  inwartJs ;  finally,  the  fibrci 
which  pass  into  the  aryteno-epiglottidean  fold  may  assist  in  depressing  the  epi^^rttis. 


U^.  iiy-eplglolt. 

C*rt.  WH^twrgil 
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If  these  fnusdes  are  para!y6«d»  tbe  lips  of  the  gbltts  are  no  lon|pr  pandJeff  but 
are  curred  with  tbe  concavity  inwards,  and  a  much  stronger  bla^t  of  air  Im  requii^ 
for  the  production  of  tbe  vou^e, 

5,  Jfytmmil—Whcn  the  mucotu  tnetnbmne  is  removed  from  the  back  of  tite 
arytenoid  caitilaffes,  a  band  of  transverse  fibres  la  exposed ^  on  the  dorsaJ  surface  of 
which  are  two  alender  decus^ting  obJique  bundles.  These  are  often  described  as 
separate  muscles  (ani:enoid  and  arytrno-epiglottidean),  but  thejr  are  intimately 
blencled  together,  Tne  ventral  fibres  (arytenoid  proper]  pass  straight  across  from 
the  outer  half  of  the  concave  surface  on  the  bafk  of  one  arytenoid  cartilage  to  tbe 
corresponding  surfact-  of  the  olhcn  The  dorsal  fibres  can  be  followed  to  the  Jateml 
walls  of  the  larynx,  the  uppermost  ones  to  the  cartilage  of  Santorini.  the  intermediate 
ones  run  with  the  uppermost  fibres  of  the  thyiio^ajytenoid  muscle  forming  the  so- 
called  aryteno-epiglottideaTT  rausele,  and  the  lowest  fibr^  blend  at  the  lerel  of  the 
bme  TOCftl  cords  witli  the  thyroarytenoid  and  lateral  crit'cmrytenoid  muscles* 

The  arytenoid  muscle  dmws  the  arytenoid  cartilages  together.  1  f  it  is  paralysed^ 
the  inteivartilaginous  part  of  the  glottis  remains  open,  although  the  membraoous  lips 
can  still  be  approximated  during  vocalisation^ 

It  has  b^en  generally  supposed  that  the  epiglottis  is  depressed  as  a  lid  over  the 
glottis  during  swallowing.  This  may  be  so  in  some  animals,  but  in  man  it  is  not 
the  case ;  the  epiglottis  nrojei;!ts  upwards  in  dose  contact  with  the  base  of  the  tongtie. 
The  necessary  closure  of  the  glottis  during  swallowing  is  brought  about  by  the  con* 
traction  of  tlie  arytenoid  and  thyro-arytenoid  muscles  ;  hy  this  means  the  ar>  tenoid 
cartilages  ate  drawn  towards  eaeh  other,  and  also  forwards  into  contact  with  the 
posterior  surface  of  the  epiglottis  (Anderson  Stuart).  Henle  remarks  that  ••the 
mtLscles  whicli  lie  in  the  space  enclosed  by  the  Inminie  of  the  thyroid  cartUaee  and 
above  the  cricoid  may  be  regarded  io  their  totality  as  a  kind  of  sphincter  such  as  is 
found  in  tta  simplest  form  embracing  the  entrance  of  the  larynx  in  reptiles  '*  (Quain*s 
Anatomy)* 

Nerves.— The  larynx  is  supplied  by  two  branches  of  the  vagus;  the  Mup«rior 
liuyrufml  is  the  Sensory  nen^e  i  by  its  f^j^tf^ifial  branch*  it  suppUes  one  muscle,  nnmely^ 
the  crico-thyroid.  These  fibres,  however*  probably  arise  from  glosso-pharyngeal  root- 
lets (see  p.  65 S),  The  rest  of  the  miiscjes  are  supplied  by  the  inferior  Turtftiffmil 
fir^ rrf,  the  fibres  of  which  come  from  the  spinnl  accessory,  oot  the  valgus  proper* 

The  laiTTigoacope  is  an  instrument  empWed  in  investigating  during  life  the 
condition  of  the  phatynx,  larynx,  and  tnichea,  it  consists  of  a  large  concave  mirror 
with  perforated  centre^  and  of  a  smaller  mirror  fixed  in  a  long  handle.  The  patient 
Is  placed  in  a  chair,  a  good  light  (argand  burner,  or  electric  tamp)  is  arranged  on  one 
siae  of,  and  a  little  above,  his  head.  The  operator  fixes  the  large  mirror  round  his 
h(»d  in  such  a  manner,  that  he  looks  through  the  central  aperture  with  one  eye. 
He  then  seats  himself  opposite  the  patient,  and  so  alters  the  position  of  the  mirror, 
which  is  for  this  purpose  provided  with  a  baUnaind-socket  joint,  that  a  beam  of  light 
Is  reflected  on  the  lips  of  the  patient 

The  patient  is  now  directed  to  throw  his  head  slightly  backwards,  and  to  open  his 
mouth  i  the  reflection  from  the  mirror  lights  up  the  cavity  of  the  mouth,  and  by  a 
little  alteration  of  the  distance  between  the  operator  and  the  patient  the  point  at 
which  the  greatest  amount  of  light  is  reflected  by  the  mirror— in  other  words,  its 
fotmi  length— is  readily  discovered.  The  small  mirror  fixed  in  the  handle  is  then 
wanned,  either  by  holding  it  over  the  lamp,  or  by  puUini?  it  into  a  vessel  of  warm 
water;  ttiis  is  necessary  to  prevent  the  condensation  of  brenth  upon  its  surface 
The  degree  of  heat  is  remikted  by  applying  the  back  of  the  mirror  to  the  hand  or 
cheek,  when  it  should  feel  warm  without  being  painful 

After  these  preliminaries  the  patient  is  directed  to  put  out  his  tongue,  which  is 
held  by  the  left  hiind  gently  but  firtnly  against  the  lower  teeth  by  means  of  a 
hfindkf'rchief.  The  warm  mirror  is  passed  to  the  back  of  the  mouth,  until  it  rests 
upon  and  slightly  raises  the  base  of  the  uvula,  and  at  the  same  time  the  light  is 
directed  umm  It :  an  inverted  image  of  the  hirynx  and  trachea  will  be  seen  in  tbe 
mirror.  If  the  dorsum  of  the  tongue  is  alone  seen,  the  handle  of  the  minor  musl 
be  slightly  lowered  until  the  larynx  comers  into  view ;  care  should  be  taken,  how- 
ever, not  to  move  the  mirror  upon  the  uvuUj  as  it  excites  retching.  The  observa^ 
tlon  should  not  be  prolonged,  but  should  rather  be  repeated  at  short  intervals* 
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ftide  of  the  true  vcicat  Cf»rds,  nnd  on  a  higher  level,  are  the  pink  faisr  rt^yai  r^fU. 
Still  more  externally  than  the  fulise  voi  al  cords  is  the  ariilrnr^puyf^^tiiti*^^  fold,  in 
which  Bre  situated  tipon  each  side  three  .nmall  elevalioas  Tof  these  the  most  extriml 
is  the  car/ifawf  of  Wruh^*^iu  tlie  mtermediate  is  Uie  f-ariilatifi  uf  SantK^rini,  uhiLl 
the  summit  of  the  arift^fAii  rartUaiff  is  In  front,  and  somewhat  below  the  pivcediiig, 
being-  only  seco  durinj*  deep  mspirsition.  The  rimn  of  fh^  frarh^a^  adcI  er^tSe 
bifureation  of  the  traehea  itself,  if  the  piitient  be  directed  to  cli^w  &  deep  breath, 
may  be  lecc  In  the  interval  bet  wee  q  the  true  vo<»l  cords. 

Movements  of  the  Vocal  Oorde. 

In  Esspirattmi.—'The  position  of  the   vocal  cords  in    ordinST 
t^anxiiiil  breathing  is  ao  adapted  by  the  muscles,  that  the  opening 
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Fiq,  55fl.— Tline  lirytigqwoopic  vleim  ot  the  fiupertor  aperturs  of  tbe  Imrynx  &iid  aurrouniiivK  tJArtfl,  A, 
Hie  glottia  4]iirlDR  tli«  eminloii  of  a  iiLgb  note  In  ilngfog;  B,  la  eft«y  tiid  quiot  lolialattrjn  of  Atr ;  C, 
iti  tho  aUite  of  wMe»t  poiulblfl  dHjitaUon,  u  la  Inhmllo'i;  a  ver^  d««p  brtwib.  Tbe  diAgnma  A%  H',  uid 
U»  abow  In  borkont*!  sections  of  Ui*  gloiUi  tlie  poatmon  of  the  vdcaI  txmlM  &tid  Krybsnotd  cattllitm 
in  Uie  tbi«Q  Hveral  atatbi  ripratatited  bi  tlie  othar  n^im.  in  a11  tIm  AguMi  lo  far  iii  marked,  uh 
letlAra  IndlcBta  the  puts  u  follows,  tIi,  :  i,  ths  b«jie  uf  tb«  Uxngtie '.  c,  ihe  upp^r  fkM  pAit  of  tlM 
epiglottis;  ^r'*  the  tabercle  or  cusliloii  of  tba  0pl>il£>ttU;  ph^  pan  of  the  Antoriorwall  cif  tba 
pbaivnx  b^lnd  the  larynx :  Id  the  margin  of  tbe  aryteno-^plglottHean  fal>i,  ir,  thu  iwiilUng  ot  -^t* 
meiTibnini}  c&ud^d  b;  tbe  caitllagQS  of  Wrlitb^rg ;  *,  thut  of  iha  tanilag^H  of  l^ntorln!  l  et,  tba  Up  or 
atiirtntt  of  the  ar^'tenold  cartftngpa ;  c  r,  the  true  yqcaI  toMis  orllpa  of  the  rltna  glottidla;  c  i'  *,  the 
auperior  or  f^\9«  vocmlI  cords;  batwaeu  ihtum  the  ventrlelQ  of  the  iarytix ;  in  C^  tr  Is  ptac»j  on  tbi^ 
anterior  wall  of  the  recedtog  trachea,  and  b  lodidatM  the  ccmmeui^Qmwit  of  the  two  bfOnchl  beyond 
tha  blfarcatSoti  which  mt^fhi  broaght  into  v\»v  in  tMi  aUt«  of  43tti«ma  dlXatiUo^,  CQoatii,  allar 
C«ermak.> 

of  the  glottis  is   wide  and  triangular  {^g.   558,   b).      The  glottis 
remains    unaltered  during  ordinary   quiet  breathiogi  though  in  a 
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small  proportion  of  people  it  becomes  a  little  wider  at  each  iDspira- 
tioB,  and  a  little  narrower  at  each  expiration.  In  the  cadaveric 
position  the  glottis  has  about  half  the  width  it  has  during  ordi- 
nary breathmg;  during  life,  therefore,  except  darmg  vocalisation, 
the  abductors  of  the  vocal  cords  (posterior  crico-arytenoids)  are  m 
constant  action.  (F,  Semon.)  On  making  a  rapid  and  deep  inspira- 
tion the  opening  is  widely  dilated  (fig.  558,  c),  and  somewhat 
lozenge-shaped. 

In  Vocalisation. — At  the  moment  of  the  emission  of  a  note,  the 
chink  is  narrowedi  the  margins  of  the  arytenoid  cartilagefl  being 
brought  into  contactj  and  the  edges  of  the  vocal  cords  approximated 
and  made  parallel  (fig.  558,  a);  at  the  same  time  their  tension  is 
much  increased.  The  higher  the  note  produced,  the  tenser  do  the 
cords  become;  and  the  range  of  a  voice  depends,  in  the  main,  on 
the  extent  to  which  the  degree  of  tension  of  the  vocal  cords  can 
be  thus  altered.  In  the  production  of 
a  high  note  the  vocal  cords  are  brought 
well  within  sight,  so  as  to  be  plainly 
visible  with  the  help  of  the  laryngo- 
scope. In  the  utterance  of  low-pitched 
tones,  on  the  other  hand,  the  epiglottis 
is  depressed  and  brought  over  them,  and 
the  arytenoid  cartilages  look  as  if  they 
were  trying  to  hide  themselves  under 
it  (fig.  559), 

The  approximation  of  the  vocal  cords 
also  usually  corresponds  with  the  height 
of  the  note  produced ;  but  the  width  of 
the  aperture  has  no  essential  influence  on  the  pitch  of  the  note,  as 
long  as  the  vocal  cords  have  the  same  tension :  only  with  a  wide 
aperture  the  tone  is  more  difficult  to  produce  and  is  less  perfect,  the 
rushing  of  the  air  through  the  aperture  being  heard  at  the  same 
time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the 
aperture  of  the  glottis,  that,  vi^.,  which  is  formed  by  the  space 
between  the  arytenoid  cartilages. 


Fio.  55^,— View  of  tbfl  ti|i]ifir  imrtof  ths 
lAtynx  as  leen  by  meami  of  t&a  Uiyngo* 
tcope  dailDg  tht  uttsruica  of  a  l^'^'tS'i 
DC»ti9,  e,  Eplglottla ;  f,  tubumlaa  of  tbn  i 
c&Tttli^«  DE  ijatitoilnl ;  a,  ftrytenold 
c«rtll&gtt;  f,  bftoa  of  Vbti  tongq<i; 
phf  tbe  pckStftrior  *»U  pf  tlie  pharynx. 
(CxArmmk.) 


The  Volc0. 


The  human  musical  instrument  is  often  compared  to  a  reed  organ- 
pipe  :  certainly  the  notes  produced  by  such  pipes  in  the  vox  humana 
stop  of  organs  is  very  like  the  human  voice.  Here  there  is  not  only 
the  vibration  of  a  colimm  of  air,  but  also  of  a  reed,  which  corre- 
sponds to  the  vocal  cords  in  the  air-chamber  composed  of  the  trachea 
and  the  bronchial  system  beneath  it.     The  pharynx,  mouth,  and 
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nasal  caTitlea  aboire  the  glottis  are  resonating  cavitieg,  ^hich,  by 
alterations  in  their  shape  and  size,  are  aUe  to  pick  ont  and  emphasize 
ceruin  component  parts  of  the  fundamental  tones  produced  in  the 
krjnx.  The  natural  voice  is  often  called  the  ch^  voiu.  The 
fahdio  voice  is  differently  explained  by  different  observers;  on 
laryngoBcopic  examination,  the  glottis  is  found  to  be  widely  open,  so 
that  there  is  an  absence  of  chest  resonance ;  some  have  supposed 
that  the  attachment  of  the  thyro-arytenoid  muscle  to  the  vocal  cord 
renders  it  capable  of  acting  like  the  finger  on  a  violin  stringy 
part  of  the  eonl  being  allowed  to  vibrate  while  the  rest  is  held  still 


m 


Fto.  500,— KdDlg^  »ppftntii»  for  obtaiMse  fluns  plntxin*  of  mtulcal  tmUm. 

Such  a  shortening  of  a  vibrating  string  would  produce  a  higher  note 
than  is  natural 

Musical  sounds  differ  from  one  another  in  three  ways  :— 
1*  In  pitch, — This  depends  on  the  rate  of  \dbration ;  and  in  the 
case  of  a  string,  the  pitch  increases  with  the  tension,  and  diminishes 
with  the  length  of  the  string.  The  vocal  cords  of  a  woman  are  shorter 
than  those  of  a  man,  hence  the  higher  pitc^hed  voice  of  women-  The 
average  length  of  the  female  cord  is  11*5  millimetres;  this  can  be 
stretched  to  14;  the  male  cord  averages  15  "5,  and  can  he  stretched 
to  19*5  millimetres. 

2.  In  loudness, — This  depends  on  the  amplitude  of  the  vibrations, 
and  is  increased  by  the  force  of  the  expiratory  blast  which  sets  the 
oords  in  motion. 

3,  In  '*  iimhft!' — This  is  the  difference  of  character  which  dis- 
tmguishes  one  voice,  or  one  musical  instrument,  from  another.  It 
is  due  to  admixture  of  the  primary  vibrations  with  secondary  vibm- 
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tions  or  overtonea*  If  one  takes  a  tracing  of  a  tuaing-fork  on  a 
revolving  cylinder,  it  writes  a  simple  series  of  up  and  down  waves 
corresponding  in  rate  to  the  note  of  the  fork.  Other  musical  instru- 
ments do  not  lend  themselves  to  this  form  of  graphic  record,  but  their 
vibrations  can  be  rendered  visible  hjr  allowing  them  to  act  on  a  small 
sensitive  gas-flame ;  this  bobs  up  and  down,  and  if  the  reflection  of 
this  flame  is  allowed  to  fall  on  a  series  of  mirrors,  the  top  of  the  con- 
tinuous image  formed  is  seen  to  present  waves.  The  mirrors  are 
usually  arranged  on  the  four  lateral  sides  of  a  cnt>e  which  is  rapidly 
rotated  If  one  sings  a  note  on  to  the  membrane  in  the  side  of  the 
gas-chamber  with  which  the  flame  is  in  connection,  the  waves  seen 
are  not  simple  up  and  down  ones,  but  the  primary  large  waves  are 
complicated  by  smaller  ones  on  their  surface,  at  twice,  thrice,  etc., 
the  rate  of  the  primary  vibration.  The  richer  a  voice,  the  richer  the 
sound  of  a  musical  instrument,  the  more  numerous  are  these  over- 
tones or  harmonics.  The  range  of  the  voice  is  seldom,  except  in 
celebrated  singers,  more  than  two-and-a-haLf  octaves,  and  for  different 
voices  this  is  in  different  parts  of  the  musical  scale. 


Speech. 

This  is  due  to  the  modification  produced  iu  the  fundamental 
laryngeal  notes,  by  the  resonating  cavities  above  the  vocal  cords. 
By  modifying  the  size  and  shape  of  the  pharynx,  mouth,  and  nose, 
certain  overtones  or  harmonics  are  picked  out  and  exaggerated  :  this 
gives  us  the  vowel  sounds ;  the  consonants  are  produced  by  inter- 
ruptions, more  or  less  complete,  of  the  outflowing  air  in  different 
situations.  When  the  larynx  is  passive,  and  the  resonating  cavities 
alone  come  into  play,  then  wc  get  whispering. 

The  pitch  of  the  Vow^els  has  been  estimated  musicaU^ ;  u  has  the  lowest  pitch « 
then  Ot  a  {as  in  father),  a  (as  in  cane),  i,  and  fi.  Wc  maj  give  a  few  exampkii  of 
the  shape  of  the  resonating  cavities  in  pronouncintc  vowel  sounds,  and  producing 
their  eharacteristif  limhre  :  when  sounding  n  (in  father)  the  mouth  has  the  shape  of 
a  funnel  wide  in  front ;  the  tongue  lies  on  the  floor  of  the  mouth  ;  the  lips  are  wide 
open  ;  the  soft  palate  Is  moderately  and  the  latynx  slightly  raised. 

In  pronouncing  u  (oo),  the  canity  of  the  mouth  is  shaped  like  a  ciipiw'ious  flask 
with  a  short  narrow  neck*  The  whole  resonating  cavity  is  then  longest,  the  lips 
being  protruded  as  far  as  possible ;  the  larynx  is  depressed  and  tlie  root  of  the  tongue 
approa<:-hes  the  fauces. 

In  pronouncing  Of  the  neck  of  the  flask  is  shorter  and  wider,  the  lips  being 
nearer  tne  teeth  ;  the  larynx  is  slightly  higher  than  in  sounding  oq. 

In  pronouncing  ^,  the  flask  is  a  small  one  with  a  long  narrow  neck»  The 
resonating  chaml:»er  is  then  shortest  as  the  Lirynx  is  raised  as  much  as  possihte,  and 
the  mouth  is  bounded  by  the  teeth,  the  Ups  Wing  retracted ;  the  approach  of  the 
tongue  near  the  hard  pa  fate  makes  the  long  neck  of  the  flask. 

The  Oonaonants  are  produced  by  a  more  or  less  complete  closure  of  certain 

|doors  on  the  course  of  tjie  outgoing  blast     If  the  closure  is  complete,  and  the  blast 

Ifluddenly  opens  the  door,  the  residt  is  an  ej^piotinc  /  if  the  door  is  purtiv  closed,  and 

the  air  rushes  with  a  hiss  through  it,  the  result  is  an  tufpiratt* :  if  Uie  door  is  nearly 

closed  and  its  mar^ns  arc  thrown  into  vibration*  the  result  is  a  vi^irtitivf* ;  if  the 
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OMMrtli  b  cio5«d,  «Qd  the  noaod  has  to  find  its  wmj  out  ttuoogfa  the  noeet  the  result 

These  doms  we  four  im  dumber  i  Bfik-ke  aUled  them  the  artifmtatiom  j 
They  At« — 

L  Between  the  lip*. 

2.  Between  the  Umgue  «ad  hurd  pftlate. 

3.  Betireeti  the  tongoe  wad  soft  pttkicp 

4.  Between  the  row  eordft. 


The    followJBg  table   dassi6ei  the  pHocipal   con 


ttocofdmg  to    this 


zploKvW. 

A4p1mt4i. 

mhmtitm. 

BasoQ^nte. 

B,R 
K.G. 

F,  V.  W, 
S,  Z,  L,  Sch,  Th- 

H. 

K 

Pal&tallt 
B  of  lower  Saxon 

Ng. 

ArUctilaUaii 


The  introduction  of  the  phonograph  has  furnished  us  with  an  mstrument  wbieh 
it  Is  hoped  in  the  future  will  enablie  us  to  state  more  accurately  thati  has  hitherto 
been  possible*  the  meaning  of  the  ciianges  in  nature  and  intensity  of  the  complex 
vibrations  which  constitute  speech.  The  microscopic  ^udy  of  the  tracin|f  on  the 
recording  phonoj^taphic  cylinder,  and  various  methods  of  obtaining  a  high  magnlft- 
catioti  of  the  movements  of  the  rct-ording  style  have  t>een  rarricd  out  by  Jkl*Kenarick 
anil  others*  The  subject  is,  however,  not  yet  sufficiently  ripe  for  definite  statements 
to  be  tmidt. 

Defects  of  Speech. 

Speech  may  he  absent  in  certain  forms  of  lunacy «  and  temporarily  in  tliat  defect 
of  will  called  hifHnriiu 

Vt  nmy  be  absent  owing  to  congenital  defects.  Children  bom  deaf  are  dumb 
^G.  This  is  bet-atise  we  think  witii  remembered  sounds^  and  in  a  {>erson  bom  deaf 
the  auchti>ry  centres  are  never  set  into  activity*  By  educating  the  thild  by  the 
visual  inletf  it  can  t>e  taught  to  think  witli  the  remembered  shapes  of  the  mouth 
anil  expressions  of  the  tm^  produced  in  the  act  of  speaking,  and  so  can  itself  speak 
in  time. 

If  a  child  becomes  deaf  liefnre  it  is  six  or  seven  years  old,  there  is  a  liability  it 
will  forget  the  speexrh  it  has  learnt*  and  so  become  dumb. 

In  congenital  hemiplegia  tliere  may  be  speechlessness,  especially  if  the  injury  is 
ilue  to  nieuin^eal  htcmorrhage  affecting  the  irrey  cortex  ot  the  left  hemisphere. 
These  children  generally  talk  late,  the  right  side  of  the  brain  taking  on  the  function 
ofthelclt 

Disorders  of  speecJi  and  voice  occur  from  affections  of  the  larynx,  and  of  the 
nerves  which  iupply  the  larynx.  Stammering  is  a  want  of  co-or«!Jnation  t>etween 
the  various  muscles  employed  in  the  act  of  speaking, 

Feriiaps  the  most  interesting  of  the  disorders  of  speech,  however,  are  those  due 
to  brain  disease  in  adidts.     These  tall  into  three  principal  categories  ; — 

L  Apftfmifi.^A  difficulty  or  inability  to  titter  or  articutate  words.  It  is  often 
associatctl  with  difficulty  of  s\»'fill owing,  and  occurs  in  lesions  of  the  base  of  the 
brain,  cspeciaEy  of  pons  and  bulb*  The  blurring  of  speech  noticed  in  most  cases  of 
Hjioplcxy  nuty  also  be  included  under  this  head. 

'L  Aphima* — 'lliis  is  a  co triplex  condition  in  which  the  will  to  speak  exists,  and 
also  the  ability  to  speakt  but  the  connection  between  the  two  is  broken  down. 
When  the  tsatient  speaks,  the  words  which  he  nttei^  are  well  pronounced,  but  are 
not  those  tvc  wishes  to  utter*  This  is  otlen  associated  with  Aijmphm,  a  similar 
con^lition  in  respect  to  writing.  It  is  the  form  of  disordered  speech  associated  with 
disorgunisatjon  of  Broca^s  convolution* 

3.  Aniftfjiifi. — This  tenn  im-ludes  a  large  class  of  cases  in  which  the  main 
avKiptom  is  loss  of  memory  for  words,  or  a  defect  of  the  association  of  ideas  of 
tmngB  with  ideas  of  wonls,  not,  as  in  aphasia*  with  ideas  of  verhal  action.     Amnesia 
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is  associated  with  lesions  of  the  inteDcctual,  Lr, ,  tiic  sensory  centres  of  the  cortex 
beliind  Oie  Rolandic  area.  We  liave  seen  that  in  this  region  of  the  brain  there  are 
two  important  centres*  the  vtsuiil  nnd  the  auditory  *  and  the  parts  of  these  which  are 
associated  with  words  may  l>e  called  the  ehmd  mmti-t^t'nf re  and  the  nuditurt/  wftrtU 
emlre.  In  amnesia  (sometimea  called  sensoiy  aphasia),  either  these  centres  them- 
selves, or  the  tracts  that  connect  themi  are  diseased  or  broken  down.  See 
p,  703. 

With  rc^rd  to  the  auditory  word-ccntrc>  impressions  for  the  sounds  of  words 
uc  reviTCd  in  one  of  three  ways  :— 

a.  Spontaneous  or  yolitional ;  owing  to  accumulated  traces  which  constitute 
memory  I  a  nian  when  he  wants  to  express  his  thoujrhts  in  words  remembers  the 
sounds  it  is  necessary  to  use  ;  impid.ses  pass  to  the  motor-centre  (Broea's  convolu- 
tion), thence  to  the  nerve-centres,  nerves,  and  muscles  of  Uxe  larynx,  mouth,  chest* 
etc ,  and  the  man  speaks. 

k  In  slight  dis^e  of  the  auditory  word-centre,  he  is  unable  to  do  this,  but  if 
his  mind  is  set  into  a  certain  grtjove  he  will  speak  i  thus  if  the  alphabet  or  a  well- 
knowa  piece  of  poetry  be  started  for  him  he  wiU  finish  it  b^  himself 

0,  Mimetic*  In  njore  severe  Ciises,  a  more  powerful  stimulus  still  is  needed  ;  he 
will  repeat  any  words  after  another  i>erson,  but  forget  them  inmiecliately  afterwards. 

With  regard  to  the  visual  word-centre  as  tested  by  writing,  there  are  also  three 
ways  of  reviving  impressions  for  written  words  or  letters. 


!(i)  Spontaneous  or  normal 
6) 


A  train  of  thought  must  first  he  set  going;  as,  for  instance,  converting 
printecl  words  into  written  ehamctera, 

(c)  Mimetic ;  he  can  only  write  from  a  copy. 

Some  operations,  such  as  reading  aloud,  and  writing  from  dictation  require 
the  combined  activity  of  both  centres.  This,  however,  we  have  previously  considered 
in  connection  with  the  subject  of  association  in  the  brain  (see  p.  7081 

In  the  investigation  of  any  case  of  defective  speech  there  are  always  the  follow- 
ing  six  things  to  l5r  inquired  into  ;— 

1.  Can  the  patient  understand  spoken  words?  (The  patient,  of  course,  not 
being  deaf)    If  ne  cannot,  the  auditory  word-<ientre  is  deranged. 

2.  Can  he  repeat  words  when  ren nested  ?  This  tests  the  emission  fibres  from 
the  auditory  woro -centre  which  pass  tnrough  the  motor-centres  for  speech  in  Broca*& 
convolution.     If  he  cannot  do  this,  the  patient  has  aphasia. 

3.  Can  he  write  from  dictation?  If  he  cannot,  either  the  auditory  or  visual 
word-centre,  or  the  fibres  passing  from  the  one  to  the  other,  are  injured. 

4.  Does  he  understand  printed  matter,  and  can  he  point  out  printed  letters  and 
words?  Can  he  read  to  himself?  (The  patient,  of  course,  not  being  bUnd.)  This 
teats  the  visual  word-centre. 

5.  Can  he  copy  written  words  ?  This  t«sts  the  ciiannels  from  the  visual  word- 
centre  to  the  motor-centres  f^jr  movements  of  the  hand  in  writinpr. 

6.  Can  he  read  aloud*  or,  what  is  tlie  same  thing,  name  objects  he  sees  ?  This 
is  the  oj>positc  to  writing  from  dictation,  and  tests  the  healthiness  of  the  word-centres 
or  the  fibres  which  connect  the  visual  to  the  auditory  word -centre. 
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The  eyeball  is  contained  in  the  cavity  of  the  skiill  called  the  orbit ; 
here  also  are  vesaels  and  nerves  for  the  supply  of  the  eyeball, 
muscles  to  move  it,  and  a  quantity  of  adipose  tissue.  In  the  front 
of  the  eyeball  are  the  Uds  and  lacrimal  apparatus. 

The  sydids  consist  of  two  movable  folds  of  skin,  each  of  which  is 
kept  in  shape  by  a  thin  plate  of  fibrous  tissue  called  the  tarsiLs, 
Along  their  free  edges  are  inserted  a  number  of  cur\^ed  hairs  (mf§- 
lashes),  which,  when  the  lids  are  half  closed,  serve  to  protect  the 
eye  from  dust  and  other  foreign  bodies:  the  tactile  sensibility  of  the 
lids  ia  very  delicate.  Imbedded  in  the  tarsus  are  a  number  of  long 
sebaceous  glands  (Meihamian),  the  ducts  of  which  open  near  the  free 
edge  of  the  lid  In  the  loose  connective  tisane  in  front  of  the 
tarsus,  the  bundles  of  the  orbicularis  muscle  are  situated. 

The  orbital  surface  of  each  ltd  is  lined  by  a  delicate,  highly 
sensitive  mucous  membrane  {conjunctiva)^  which  is  continuous  with 
the  skin  at  the  free  edge  of  each  lid,  and  after  lining  the  inner 
surface  of  the  eyelid  is  reflected  on  to  the  eyeball,  being  somewhat 
loosely  adherent  to  the  sclerotic  coat  Its  epitheHum,  which  is 
columnar,  is  continued  over  the  cornea  as  its  anterior  epithelium, 
where  it  becomes  stratified.  At  the  inner  edge  of  the  eye  the 
conjunctiva  becomes  continuous  with  the  mucous  lining  of  the 
lacrimal  sac  and  duct,  which  again  is  continuous  with  the  mucous 
membrane  of  the  nose. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
(orhicularis)t  supplied  by  the  facial  nerve ;  the  upper  lid  is  raised  by 
the  levator  palpebrce  mperwris,  supplied  by  the  third  nerve. 

The  lacrimal  gland,  composed  of  lobules  made  up  of  acini  resembling 
the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer  angle  of 
the  orbit.  Its  secretion,  which  issues  from  several  ducts  on  the 
inner  surface  of  the  upper  Hd,  under  ordinary  circumstances  just 
Buflices  to  keep  the  conjunctiva  moists  It  passes  out  through  two 
small  openings  (puncta  lacrimalia)  near  the  inner  angle  of  the  eye. 
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one  in  each  lid,  into  the  lacrimal  Bao,  and  thence  along  the  nasal 
duct  into  the  tnferior  meatus  of  the  nose.  The  excessive  secretion 
poured  out  under  the  influence  of  an  irritating  vapour  or  painful 
emotion  overflows  the  lower  lid  in  the  form  of  tears.  The  secretory 
nerves  are  contained  in  the  lacrimal  and  suhcufcaneons  malar  branches 
of  the  fifth  nerve,  and  in  the  cervical  sympathetic. 

The  EyebalL 

The  eyeball  (fig.  561)  consiats  of  the  following  structures : — 


CWkiy  moiicle—  [ 
Cllijtry  pixjfi  - 

CortieA- 


m^ 


I  -Si'loiotic  coiit. 

|-itotln». 

I— Vitreoui  hniDOm. 


L-' 


Irla-! 


CUlwy  pru*  1 
GUluy  mil-" 
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Fjo,  661 .— SwjUoa  oi  the  aotflrior  rour-fl/llis  of  tlie  eyabalL 

The  sclerotic,  or  outermost  coat,  envelops  about  five-sixths  of  the 
eyeb^ :  continuous  with  it,  in  front,  and  occupying  the  remaining 


s:^ 


o\c 


Fin,  0412,— Vtiftic&l  i«:tioD  of  rabbti'H  cximoft.    4,  AfitflHor  ei^iUietUniiif  abQwfng  the  dllTnreiit  thftpu  of 
the  c^e<1Ih  4it  various  depUui  from  the  hve  aarfAce ;  i^  porUou  of  th»  mq,1m.Ujic«  of  coniea.    (KMu^) 

sixth,  is  the  eomm*     Immediately  within  the  sclerotic  is  the  choroid 
coat,  and  within  the  choroid  iB  the  tcHtujl    The  interior  of  the 


778 


TfTl  BTB  AHB  VIBICWI 


Ttm^LU 


eyeball  is  filled  by  the  a^ueotis  and  mtrMms  hummirs  and  tie 
cr^atallins  lem;  but,  also,  there  m  suspended  in  tlie  mtarior  a 
contractile  and  perforated  curtain, — the  iris,  for  r^ulatiiig  iht 
admission  of  light,  and  behind  at  the  junction  of  the  aelerotic  and 


k 


^.  \ 


Fta.  603.— HoifxofiUl  ptvpamtlon  of  ooraea  offrog ;  iJnowIng  thjs  neliwoTk  of  brAnched  < 

cornea  is  the  ciliary  musele,  the  function  of  which  is  to  adapt  the  eye 
for  Beeing  objects  at  various  distancesp 

?7td  srhrotic:  coat  is  composed  of  white  fibrous  tissue,  with  some 
elastic  fibres  uear  the  inner  surf  ace,  arranged  in  variously  disposed 
and  interlacing  layers.     Many  of  the  bundles   of   fibres   cross   the 


Fia.  M4.— SurfkiOB  Tt«»  uf  |>&rt  uf  lftm«1k  o!  klltsa't 

wltb  tiilFAtei  of  illriHT.     (iJy  tbli  nMiUwd  Ilia  blttOSfaAd 


.    (EIhIii  mad  Nolil«  SmtUi.} 


others  almost  at  right  anglea.  It  is  separated  from  the  choroid  by 
a  lymphatic  space  {t^mvhtyroidaTj,  and  this  is  in  connection  with 
smaller  spaces  lincni  with  endothelium  in  the  sclerotic  coat  itself. 
There  is  a  lymphatic  spuco  also  outside  the  sclerotic,  separating  it 
from  a  loose  invoatnicnt  of  connective  tissue,  containing  some  smooth 
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rauseular  fibres,  caUed  the  capsule  of  Tenon.  The  innermost  layer  of 
the  sclerotic  is  made  up  of  loose  connective  tissue  and  pigment-cells, 
and  is  caOed  the  lamina  ftism. 

The  cornea  is  a  transparent  membrane  which  forms  a  segment  of 
a  smaller  sphere  than  the  rest  of  the  eye- 
ball, let  in,  as  it  were,  into  the  sclerotic, 
with  which  it  is  continuous  all  ronnd.  It 
is  covered  by  stratified  epithelium  (a,  fig, 
562),  consisting  of  seven  or  eight  layers 
of  cells,  of  which  the  superficial  ones  are 
flattened  and  scaly,  and  the  deeper  ones 
more  or  less  columnar  Ijnmediately 
beneath  this  is  the  am^terwr  homogeneoiis 
lamina  of  Boii^man,  which  differs,  only  in 
being  more  condensed  tissue,  from  the 
rest  of  the  cornea. 

The  rest  of  the  cornea  consists  of  many 
layers  of  connective  tissue  fibres  arranged 
parallel  to  the  free  surface,  the  direction 
of  the  fibres  crossing  one  another  at  right 
angles  in  the  alternate  laminae.  The 
corneal  corpuscles  lie  in  branched  anasto- 
mosing spaces  between  the  lamina.  They 
have  been  seen  to  execute  amoeboid  move- 
ments. At  its  posterior  surface  the  cornea 
is  limited  by  the  posterior  homogsneovM 
lamina,  or  membrane  of  Deseemeij  which 
is  elastic  in  nature,  and  lastly  a  single 
stratum  of  cubical  epithelial  cells  (fig. 
565,  d). 

The  nerves  of  the  cornea  are  both  largo 
and  numerous  t  they  are  derived  from  the 
ciliary  nerves.  They  traverse  the  sub- 
stance  of  the  cornea,  in  which  some  of 
them  near  the  anterior  surface  break  up 
into  axis  cylinders,  and  their  primitive 
fibrillin  The  latter  form  a  plexus  im- 
mediately beneath  the  epithelium,  from 
which  delicate  fibrils  pass  up  between 
the  cells  anastomosing  with  horizontal 
branches,  and  forming  an  intra-epithelial  plexus.  Most  of  the 
primitive  fibriUse  have  a  beaded  or  varicose  appearance.  The  cornea 
has  no  blood-vessels  or  lymphatics,  but  is  nourished  by  the  circulation 
of  lymph  in  the  spaces  in  which  the  corneal  corpuscles  lie.  These 
communicate  freely  and  form  a  lymph-canalicular  system. 


Fio,  M^.^V&tiltAl  tsctlon  of  rmbbit's 
eoR]«a,  stAlued  wftb  gold  chle^ctft. 
«,  Strati  QiKi  antoiior  tpltbc^lfutcL 
Immodtiitol^'  beitftitli  %hlA  is  |h« 
AtLterfaT  bginoji^neouM  ]ainln&  of 
B^jHTiifln.  «,  NervM  fonning  a 
tlollciite  auti-flplthfllial  plestiia,  »nd 
^endin;:;  up  Hud  twl|{!i  bflCiWMin  tliit 
enlthflli&l  cftJls  to  {."ml  ia  a  second 
plexiM  on  ihtt  trm  Rurfac«:  d^ 
Vmevmsit**  mvmbnnfl,  oonaintLDg 
of  a  IUla  elutJc  laf  er.  and  a  tlDgle 
lajiir  of  i^pltbfllal  c«U*;  tb«  aab- 
HtaTicvt  of  tbfl  {^mea,  /,  fa  s«eii  to 
b4  DbiiUated,  and  coDtalns  many 
layers  of  branc^hed  coriJiiBi^lefl,  ar* 
rang]ed  par^lc^l  to  tbn  fnts  fltirfaee, 
and  b«[«  saon  edgswlse. 
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Th4  Chcrmd  Coat  (tunica  vastuloBa)  is  attached  fco  the  mner  lajsr 
of  the  selerottc  in  front  at  the  corneo-aeleral  junction  and  behmd  U 

the  entrance  of  the  optic  nerve ;  elaewbere 
it  Ib  connected  to  it  only  by  loome  connectire 
tissue.  Its  external  coat  is  formed  chiefly 
of  elastic  fibres  and  large  pigment  eoi- 
piisclee  looselj  arranged;  it  contains  lym- 
phatic spaces  lined  with  endotheliimL  llus 
is  the  lamina  s%^(irhoroids€L  More  inter- 
nally ia  a  layer  of  arteries  and  veim 
arranged  in  a  system  of  venous  wharis, 
together  with  elastic  fibres  and  branched 
pigment  cells.  The  lymphatics,  too,  are  well 
developed  aroond  the  blood -v^essels,  and  | 
there  are  besides  distinct  Ij'mph  epaeea 
lined  with  endotheliunL  Internal  to  this 
is  a  layer  of  fine  capillaries,  very  dense, 
and  derived  from  the  arteries  of  the  outer 
coat  and  ending  in  veins  in  that  coat*  It 
contains  corpuscles  without  pigment,  and  lymph  spaces  which 
surround  the  blood-vessels  (Tnembrana  chori<t-i'apiilaris).  It  is 
separated  from  the  retina  by  a  fine  elastic  membrane  {niefnhrafm 


<ilioTDld  fiofti  of  UiA  hamaD  49^«^ 
1»  lf«mbT«tio  of  Brocib;  S, 
Gtrario-cftpOltrlff  or  tauEca  Haf- 
■ohluji  I  i,  pn>p#r«QbitBik«  c:^ 
Ibn  ebOti>t(l  with  taf^  v^ssela 


15  Vt         n 

,  A67»— SwiliuQ  tlirouieh  ih^  ey*i  n^iritxi  tbrough  Ihodlliay  proceMiM,    1,  OomDa;  S,  ii9embr«D»  < 
l>rt«i^«iiaat;  3,  Hctemtic;,  3%  ooTneiMcleiiil  junctlOQ;  #,  cbqaI  of  BRhlsmmt  &.  v^ia;  0,  uueleated 
QAtwofk  on  inner  vibU  of  eatwl  of  Sdilemin ;  7i  llg,  piietlDatum  fridlfl,  ah  si  ii,  irii  t  0,  pltn^ieni  of 
Irii  (uvBii):  10,  ciliary  ptooottaij  11,  dltuy  miuula;  19^  choroid  tUane;  IS,  uieriilloual,  Had  H, 
tftdUtlne  fibpBH  uf  cUiary  mmclB;  IG,  ring^moBdA  of  TkhUIftr;  10,  circular  or  Aitgiilar  tiumilei  df* 

Brmh),  which  is   either  Btructureless  or  finely  fibrillated.     fPig. 
566,  L) 

The  choroid  coat  ends  in  front  in  what  are  called  the  ciHary 
pracmses  (figs.  567,  568)*  Theae  consist  of  from  70  to  80  meridion- 
ally  arranged  radiating  plaits,  which  consist  of  blood-vessels,  fibrous 
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rii*.  66S*— Cill«rj  proo««Mi,  kb  8P«n  from 
bfthind,  li  Fotbertor  ■urfkce  of  th«  liin, 
with  the  sphtncter  mntele  of  the  pupfl ; 
2,  antericir  piwt  of  Lhft  ^boi^ld  co>t:  8^ 
oite  of  thn  cHlttfy  prrxijiasea,  of  which 
ibout  i»v«nty  uw  rspresanted. 


connective  tissue,  and  pigment  corpuscles, 
contintiation  of  the  membrane  of  Bruch. 
terminate  abruptly  at  the  margin  of 
the  lens.  The  ciliary  musde  (13,  14, 
and  15,  fig-  567),  takes  origin  at  the 
coraeo-scleral  junction.  It  is  a  ring 
of  muscle,  3  mm.  broad  and  8  mm, 
thick,  made  up  of  fibres  running  in 
three  directions.  (a)  Meridional 
fibres  near  the  sclerotic  and  passing 
to  the  choroid;  (b)  radial  fibres  in- 
serted into  the  choroid  behind  the 
ciliary  processes;  and  (c)  circular 
fibres  (muscle  of  Miiller),  more  in- 
ternal ;  they  constitute  a  sphincter. 

The  /rts  is  a  continuation  of  the 
choroid  inwards  beyond  the  ciliary 
processes.  It  is  a  fibro-muscular 
membrane  perforated  by  a  central 
aperture,  the  pupil. 

Posteriorly  is  a  layer  of  pigment  cells  (uvea^  which  is  a  con- 
tinuation forwards  of  the  pigment  layer  of  the  retina.  The  structure 
of  the  iris  proper  is  made  of  connective  tissue  in  front  with  corpuscles 
which  may  or  may  not  be  pigmented,  and  behind  of  similar  tissue 
supporting  blood  -  vessels.  The  pigment  cells  are^  usually  well 
developed  here,  as  are  also  many  nerve-fibres  radiating  towards 
the  pupiL  Surrounding  the  pupil  is  a  layer  of  circular  unstriped 
muscle,  the  sphifwter  pupUlcs,  In  some  animals  there  are  also 
muscle-fibres  which  radiate  from  the  sphincter  in  the  substance 
of  the  iris  forming  the  diiatar  pupilla^.  The  iris  is  covered 
anteriorly  by  a  layer  of  epithelium  continued  upon  it  from  the 
posterior  surface  of  the  cornea. 

The  Lens  is  situated  behind  the  iris,  being  enclosed  in  a  distinct 
capsule,  the  posterior  layer  of  which  is  not  so  thick  as  the  anterior* 
It  is  supported  in  place  by  the  suspensory  ligament,  fused  to 
the  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
derived  from  the  hyaloid  membrane,  which  encloses  the  vitreous 
humour. 

The  lens  is  made  up  of  a  series  of  concentric  laminae  (fig,  569), 
which,  when  it  has  been  hardened,  can  be  peeled  off  like  the  costs  of 
an  onion.  The  laminse  consist  of  long  ribbon-shaped  fibres,  which  in 
the  course  of  development  have  originated  from  cella 

The  fibres  near  the  margin  have  nuclei  and  are  smooth,  those 
near  the  centre  are  without  nuclei  and  have  serrated  edges.  They 
are  hexagonal  in  transverse  section.     The  fibres  are  united  together 
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by  a  scanty  amount  of  cement  eubstance.    The  central  portion 
(nmhm)  of  the  lens  is  the  hardest. 

The  epithelium  of  the  lens  consists  of  a  layer  of  cubical  cells 
anteriorly,  which  merge  at  the  equator  into 
the  lens  fibres.  The  development  of  the 
lens  explains  this  transition.  The  lens  at 
first  consists  of  a  closed  sac  composed  of 
a  single  layer  of  epithelium.  The  cells  of 
the  posterior  part  soon  elongate  forwards 
and  obliterate  the  cavity ;  the  anterior  cells 
do  not  grow,  but  at  the  edge  they  become 
continuous  with  the  posterior  cells,  which 
are  gradually  developed  into  fibres  (fig, 
570).  The  principal  chemical  constituent 
of  the  lens  is  a  protein  of  the  globulin  class 
called  crystallin. 

Cameo-sderai  junction. — At  this  junction 
the  relation  of  parts  (fig.  567)  ia  so  important 
as  to  need  a  short  description.  In  this  neigh- 
bourhood, the  iris  and  ciliary  processes  join  with  the  cornea*  The 
proper  substance  of  the  cornea  and  the  posterior  elastic  lamina 
become  continuous  with  the  iris,  at  the  angh  of  the  iris,  and  the  iris 
sends  forwards  processes  towards  the  posterior  elastic  lamina,  fonn- 


thfl  crystaUlufl  le^iu.  Tbt  Laailuoc 
Km  iplH  up  sfter  hnrrlening  Is 
&1cobti].  1,  ThA  dAn^er  contm) 
part  or  nudeus ;  2,  tUti  BueciM- 


Fid,  570.— MartdJonaL  leeUon  ^Uroiigh  tba  lona  of  m  rabbit,    1,  Lens  capaiulo ;  2»  epiyielJum  of  Iffiu; 
S,  tnuflitilon  of  the  epll-bfiUiim  Into  the  llbrM  t  i,  kas  flbm^    (UDbuchin.) 


ing  the  ligamentum  pectinaium  iridiSf  and  these  join  with  fibres  of 
the  elastic  lamina.  The  epithelial  covering  of  the  posterior  surface 
of  the  cornea  is,  as  we  have  seen,  continuous  over  the  front  of  the 
At  the  iridic  angle,  the  compact  inner  substance  of  the  cornea 


ms. 


is  looser,  and  between  the  bundles  are  lymph  spaces  called  the  spaces 
of  Fontana,    They  are  little  developed  in  the  human  cornea* 

The  spaces  which  are  present  in  the  broken*up  bundles  of  corneal 
tissue  at  the  angle  of  the  iris  are  continuous  with  the  larger 
lymphatic  space  of  the  anterior  chamber.  Above  the  angle  at  the 
corneO'Sclcral  junction  is  a  canal,  which  is  called  the  canal  of 
Schlmim.     It  is  a  lymphatic  channeL 

Uu  retina  (fig,  571)  apparently  ends  in  front,  near  the  outer 
part  of  the  ciliary  processes,  in  a  finely-notched  edge, — ttie  era 
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serrata,  but  is  really  represented  by  the  uvea  to  the  very  margin 
of  the  pupil  The  nerve-cells  in  the  retina  remind  ua  that  the  optic, 
like  the  olfactory  nerve,  is  not  a  mere 
nerve,  but  an  outgrowth  of  the  brain. 

In  the  centre  of  the  retina  is  a  round 
yellowmh  elevated  spot,  about  ^  of  an 
inch  (1  mm.)  in  diameter,  having  a  de- 
pression in  the  centre,  called  after  its 
discoverer  the  macula  luiea  or  ydlow  spot 
of  ScemmeriTig.  The  depression  in  its 
centre  is  called  thefovm  centralis.  About 
-j^  of  an  inch  (25  mm.)  to  the  inner  side 
of  the  yellow  spot,  is  the  point  {optic  disc 
or  white  spot)  at  which  the  optic  nerve 
leaves  the  eyeball  The  optic  nerve-fibres 
are  the  axons  of  the  nerve-ceUs  of  the 
retina;  the  dendrona  of  these  cells  ulti- 
mately communicate  with  the  visual  nerve- 
epithelium  (rods  and  cones). 

The  optic  nerve  passes  backwards  to 
the  ventral  surface  of  the  cerebrum  en- 
closed in  prolongations  of  the  membranes^ 
which  cover  the  brain.  This  external 
sheath  at  the  exit  of  the  nerve  from  the 
eyeball  becomes  continuous  with  the 
sclerotic,  which  at  this  part  is  perforated 
by  holes  to  aUow  of  the  passage  of  the 
optic  nerve- fibres,  the  perforated  part 
being  the  lamina  crihrosa.  The  pia  mater 
here  becomes  incomplete,  and  the  subar- 
achnoid and  the  superarachnoid  spaces 
become  continuous.  The  pia  mater  sends 
in  processes  into  the  nerve  to  support  the  fibres.  The  fibres  of  the 
nerve  themselves  are  exceedingly  fine,  and  are  surrounded  by  the 
myelin  sheath,  but  do  not  possess  the  ordinary  external  nerve 
sheath.  In  the  retina  itself  they  have  no  myelin  sheaths.  In  the 
centre  of  the  nerve  is  a  small  artery,  the  arteria  cmtralis  retinm.  The 
number  of  fibres  in  the  optic  nerve  is  said  to  be  upwards  of  500,000. 

The  retina  consists  of  certain  elements  arranged  in  ten  layers 
from  within  outwards  (figs.  571,  572,  573), 

1.  Membrana  limitans  interna.— ThiB  so-called  membrane  in  con- 
tact with  the  vitreous  humour  is  formed  by  the  junction  laterally  of 
the  bases  of  the  sttstentacular  or  supporting  fibres  of  MiilUr,  which 
bear  the  same  relation  to  the  retina  as  the  neuroglia  does  to  the 
brain.     The  character  of  these  fibres  may  be  seen  in  fig.  572. 


Fio.  bll. — XHagrftUBifttfe 


I 

itlon  of 
bumAn  n^  HA  { If .  8el]iilti«)i  1 ,  Mem » 
b»ni  iimlUna  LnteniA;  j,  Uy«T  of 
optic  nerye-abreis;  8,  laytr  of  uptie 
nen'O'Cclli ;  4,  iunfli  ay  upas  omiQlfi- 
«ulu  }a.yts\  A,  Inner  titiclear  or 
blpolu  layers  6^  outer  iynftp«e  or 
moleGiilar  lajeT ;    7,  outer  nuclc^f 

Urctk  t  0*  lAf  er  of  red*  Mid  Qones : 
]0«  Ujrer  of  pigment  calla^ 
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2,  £^^x(^  nerm-fhrm. — This  layer  is  of  very  varying  tliickness  in 
different  parts  of  tlie  retina :  it  consists  of  non-meduUated  fibrea 
which  interlace,  and  most  of  which  are  the  axons  of  the  large 
nerve-cells  fonning  the  next  layer.  The  fibres  are  supported  by  the 
sustentacular  fibrea.     They  are  less  and  less  numerous  anteriorly. 


_—/ 


of  rod* 


L*—    OgtflJ  Jnqlc- 


SpoDgith 


Inner   iqo1«- 


FiQ.  572.— DLkgnun  ibowlbg  tkfi  sUBtati' 
U^uiiiT  nbms  of  tbo  rotliu;  /«  Qbi«- 
baakat  «bove  tbe  QJtteniftl  Itmltbig 
metdbriiiff^  m,  nuclf^us  of  tli«  (Ibre; 
Tt  baM  of  thA  ttbre, 

(From  U 'Kendrfcki  attof  E^tiibr.) 


Bodabnh 


BipoUr  oftU, 


^.X 


.-'1 


Fm^  573^. — DUgmtii  ibowUig  Um  uenrous  fllsmtinii 
of  netliiA.  I »  Neinre-flbre  of  pn^liob  oell;  St  pto> 
c«uei  of  ganglion  c«n  going  oatwv^A ;  t^  o«rT«- 
nbra  punbig  ftoiu  bipolar  cell  In  inner  nuclear 
layer;  4,  pnioaa  of  guigLton  oeU  towards  ^pokr 
i3«U;  S|  Arborfsatlotim  of  nbnx  ^sm\  roda  and 
ooiuB  with  UiH  brancbn  of  blpotiir  cellB. 

(Protn  M*£ondrick,  altar  Stcfhr.) 


and  end  at  the  ora  aerrata.     They  all  converge  towards  the  optic 
disc,  where  they  leave  the  retina  as  the  optic  nerve, 

3.  Layer  of  ganglion  cells. — This  consists  of  large  multipolar  nerve- 
cells  with  large  and  round  nuclei,  forming  either  a  single  layer,  or  in 
some  parts  of  the  retina,  especially  near  the  macula  lidea,  where  this 
layer  is  very  thick,  it  consists  of  several  strata  of  nerve-cells.  They 
are  arranged  with  their  single  axis-cyUnJer  processes  inwards. 
These  pass  into  and  are  continuous  with  the  layer  of  optic  nerve- 
fibres*  Externally  the  cells  send  off  several  branched  procefiaes 
which  pass  into  the  next  layer. 
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4.  Inner  molecular  lay^. — This  presents  a  finely  granulated 
appearance.  It  consists  of  neuroglia  traversed  by  numerous  fibrillar 
processes  of  the  nerve-cells  just  described,  and  the  minute  branch* 
ings  of  the  processes  of  the  bipolar  cells  of  the  next  layer. 

5.  Infier  nuclear  layer. — This  consists  chiefly  of  numerous  small 
round  cells,  each  with  a  very  small  quantity  of  protoplasm  surround- 
ing a  large  ovoid  nucleus  j  they  are  generally  bipolar,  giving  off  one 
process  outwards  and  another  inwards.  One  process  passes  inwards 
to  fonn  a  synapse  with  the  arborisation  of  a  gangUon  cell,  the  other 
outwards  to  similarly  arborise  with  tlie  branchings  of  the  rod  and 
cone  fibres.  Some  cells,  called  spongiohlagU,  or  aiimcrinB  cells,  how- 
ever, only  send  off  one  process,  w^iich  passes  inwards  (fig.  672). 
The  large  oval  nuclei  (fig.  572)  belonging  to  the  Miillerian  fibres 
occur  in  this  layer. 

6.  Ouhr  molecular  la^er. — This  layer  closely  resembles  the  inner 
molecular  layer,  but  is  much  thinner.  It  contains  the  branchings  of 
the  rod  and  cone  fibres  on  the  one  hand  and  of  the  bipolar  cells  on 
the  other. 

7.  External  nuclear  layer, — This  layer  consists  of  small  cells 
resembling  at  first  sight  those  of  the  internal  nuclear  layer;  they 
are  classed  as  rod  and  cone  granules,  according  as  they  are  connected 
with  the  rods  and  cones  respectively,  and  will  be  described  with 
theuL  They  are  lodged  in  the  meshes  of  a  frame-work,  which  is 
formed  by  the  breaking  up  of  the  Miillerian  fibres. 

8.  Memhrana  limitaTis  externa, — This  is  a  well-defined  membrane, 
marking  the  intenial  limit  of  the  rod  and  cone  layer,  and  made  up 
of  the  junction  of  the  sustentacular  fibres  externally. 

9.  La^er  of  rods  and  canss. — This  layer  is  the  nerve-epithelium 
of  the  retina.  It  consists  of  two  kinds  of  cells,  rods  and  cones, 
which  are  arranged  at  right  angles  to  the  external  limiting  mem- 
brane, and  supported  by  hairlike  processes  (basket}  proceeding  from 
the  latter  for  a  short  distance  (fig.  572). 

Each  rod  (fig.  573)  is  made  up  of  two  parts,  very  different  in 
structure,  called  the  outer  and  inner  limbs.  The  outer  limb  of  the 
rods  is  about  30^  long  and  2/t  broad^  is  transparent,  and  doubly 
refracting.  It  is  said  to  be  made  up  of  fine  superimposed  discs. 
It  stains  brown  with  osmic  acid  but  not  with  heematoxylin,  and 
resembles  in  some  ways  the  myelin  sheath  of  a  meduEated  nerve» 
It  is  the  part  of  the  rod  in  wliich  the  pigment  called  tdsual  purple  is 
found.  In  some  animals,  a  few  rods  have  a  greenish  pigment  instead. 
The  inner  limb  is  about  as  long  but  slightly  broader  than  the  outer, 
is  longitudinally  striated  at  its  outer,  and  granular  at  its  inner  part 
It  stains  with  hcematoxylin,  but  not  with  osmic  acid.  Each  rod  is 
connected  internally  with  a  rod  fihre,  ybtj  fine,  but  here  and  there 
varicose;  in  the  middle  of  the  fibre  is  a  rod  gramde,  really  the 
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nucleus  of  the  rod,  striped  broadlj  transversely,  and  situated  about 
the  middle  of  the  external  nuclear  layer;  the  internal  end  of  the 
rod  fibre  terminates  in  branchings  in  the  outer  molecular  layer. 
Each  cone  (fig.  573)i  like  the  rods,  is  made  up  of  two  limbs, 

outer  and  inner.  The  outer 
limb  is  tapering  and  not 
cylindrical  like  the  coir©- 
sponding  part  of  the  rod, 


«?i- 


Win.  574,— TbD  poit^rior  bAlf  of  tba  retlum  qI 
tiba  Iflffe  ftyu,  vieweii  from  before;  i,  the  cut 
«dge  of  tlieaclprotk  cw^t;  M,  the  choroid;  n 
thfl  retfiia ;  in  the  interfor  at  tho  mid<3]B  tha 
macula  luteiL  with  tho  cjiipruAioa  of  tlifl  fbirta 
centr&liJi  in  reprewntad  by  &  slight  ovml  ahado ; 
towArds  ttifl  Left  plda  tbA  Ugbt  npat  in(J1oat« 


tbo  ctalllcqluH  or  «mliiim<»  al  tht?  «DtTQD(»  of 
thA  opt[G  nervft^  from  lb«  (■cntne  of  which  the 
ArtiSTU  cflQtr&Ui  l«  itesn  Hprtsailinj;,'  lt»  bmnt^bfM 
Into  the  retina,  le*vltitf  tho  part  oocuplwl  by 
tbA  CDacuUi  oompuatlv?'^  free.  (Att«r  Heartle,) 


Ap  0«U«  ttiU  coJierlfig,  nta  on  lli«ir 
turfkea ;  ^  noolstu  lidistinet^j  «e«)u 
In  tb«  otber  oelli  lli«  iiticlMia  la  oon^ 
cMled  by  tli6  plgma&t  pTftfitilMi«  Bt 
Two  ueliji  main  In  profik ;  a,  the  outet 
or  postcrifjr  part  contain Ing  aetrooljr 
*ny  plgroent,     x  »T0,    (Hewlo.) 


and  about  one-third  only 
of  its  length.  There  is, 
moreover,  no  visual  purple 
found  in  the  cones.  The 
inner  limb  of  the  cone  is 
broader  in  the  centre.  It  is  protoplaBmiCj  and  under  the  ijjflueuce 
of  light  has  been  seen  to  execute  movements.  In  birds,  reptiles 
and  amphibia,  there  is  often  a  coloured  oil  globule  present  hera 
Each  cone  is  in  connection  by  its  internal  end  with  a  cone  fhr$, 
which  has  much  the  same  structure  as  the  rod  fibre,  but  is  much 
stouter  and  has  its  nucleus  (com  grannU)  quite  near  to  the  ex- 
ternal limiting  membrane.  Its  inner  end  terminates  by  branchings 
in  the  external  molecular  layer* 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  pre- 
dominate largely  in  number,  whereas  in  man  the  rode  are  by  far 
the  more  numerous,  except  in  the  fovea  centralis,  where  cones  only 
are  present  The  number  of  cones  has  been  estimated  at  3,000,000* 
10,  Pi^TTtent'C^ll  layer  cousiata  of  a  single  layer  of  polygonal  cells, 
mostly  six-sided,  which  send  down  a  beard-Hie  fringe  to  surround 
the  outer  ends  of  the  rods.  It  is  this  layer  which  is  continuous 
with  the  uvea,  where,  however,  the  celk  become  rounded,  and 
arranged  two  or  three  deep* 

Differmres  iti  Structure  of  diferent  parts. — Towards  the  centre 
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B>Df  the  macula  lidea  all  the  layers  of  the  retina  become  greatly 
Bthinned  out  and  almost  disappear^  except  the  rod  and  cone  layer, 
Hmid  at  the/ows  centTali&  the  rode  disappear,  and  the  cones  are  long 
Hand  narrow.     At  the  margin  of 
'     the  fovea  the  layers  increaae  in  ^  ,^r." 

thickness,  and  in  the  rest  of  the 

macula   lufcea   are   thicker  than 

elsewhere.     The  ganglionic  layer 

is  especially  thickened,  the  cells 

being  six  to  eight  deep  (2,  fig, 

576).      The  bipolar  inner  gran- 
ules (cone  uuclei)  are  obhquely 

disposed  (figs.  576  and  577)  on 

the  course  of  the  cone  fibres,  and 

are  situated   at    some    distance 

from  the  mBmbrana  limitans  ex- 

tsma,  which  is  cupped  towards 

the  fovea  (tig.  676>     The  yeUow 

tint  of  the  macula  is  due  to  a  diffuse  colouring  matter  in  the  interstices 

of  the  four  or  five  inner  layers ;  it  is  absent  at  the  centre  of  the  fovea. 
It  is  important  to  notice  what  is  clearly  brought  out  in  fig*  577. 

that  at  the  fovea  each  cone  is  connected  to  a  separate  chain  of 


mj.f.' 


mJ.i^ 


'^^^^ 


of  a  SDDtloD  tbraugb  b&lf  the 


%  OwAsWimUs  Uyer;  4>  inner 
nuclear;  6,  out^r  tiuclHr  Iflfer^  the  cona  f!bi«« 
forming    the   ao-CAllfid    r^ti^ud    Ultroui    la^tt  : 

m,Li . »  HJetn  bmna  U  miUuK  Interna,    (f^chaft  r  and 
Oolding  Bird.) 


^l>: 


ICy'/ 


fto.  ftn.— Hohemp  of  tlie  rotlniU  eloraentt  A,  Ooofi*  of  tlw  Ibraa  centmlii;  B,  mtiulea  ^nnetaQ  <t^ 
these  conw  *  C,  wnapte  brtwnoo  th«  oontis  and  bipolar eella  fn  nxlenial  molpeiil*r  l*r«f  i  ^t  *'^J'JiJJ*l 
betweou  tbo  hipofar BUd  gaaglJoti  celk  [n  the  Lntemal  molecular  layer;  a  atid  b^  ^  Pz^*SSfttl^\ 
Dtber  wig^oni  of  the  retina;  e,  bipolar  call  destinerj  for  the  cones;  f/,  biiKjl»r  ^■^^^jj^""*' 5J5**  I 
rotli ;  K,  t,  gangJIoii  wMst  /,  epootriablaat :  g,  efferent  fibre  (?  tiopbicj,  orfginating  from  ^**«™J%  ' 
In  gfitilcqktQ  body  *  h^  optic  nurve ;  i,  tennlnal  arboHsatlona  of  optie  nerve- ligf«»  m  HWilnur  ■ 
body ;  jt  flbret  from  the  oelli  of  RenlcaSate  body  on  the  way  to  cembrml  i»rt#x»     ( W"  Y  ^^•*'l 


neuronSj  whereas  in  other  regions  the  rods  and  conea  are 
in  groups  to  these  chains ;  tMa  explains  the  greater  aenaitiri 
foveal  vision. 

At  the  ora  ssrrata  the  layers  are  not  perfect,  and  ^ 
this  order :  nerve-fibres  and  ganglion  cells,  then  the  rod^* 
only  the  inner  limbs  of  the  cones,  next  these  ceaae,  thm  \ 
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molecular  layer,  the  inner  and  outer  nuclear  lajera  Goalescing,  and 

finally  the  inner  molecular  layer  also  is  unrepresented. 

At  the  pars-ciliaris  rdinrnt  the  retina  consista  of  a  layer  of 
columnar  ceUs,  which  probably  represent  the  Mullerian  fibres.  These 
cells  externaOy  are  in  contact  with  the  pigment  layer  of  the  retina, 
which  13  continued  over  the  ciliary  proceases  and  bewik  of  the  iris. 
Nervous  structureB  are  absent 

At  the  exit  of  tho  optic  nerve  the  only  structures  present  are 
nerve-fibres. 

The  anterior  chamh^  is  the  space  behind  the  cornea  and  in  front 
of  the  iris.     It  is  filled  with  aqueous  humour  (dilute  lymph). 

The  vUreom  huTmur,  which  is  a  jelly-like  connective  tissue  (see 
p.  48),  is  situated  behind  the  crystalline  lens.  It  is  enclosed  in  a 
membrane  called  fnembraTia  kymloidea,  which  in  front  is  continuous 
with  the  capsule  of  the  lens ;  round  the  edge  of  the  lens  the  canal 
left  is  called  the  Canal  of  Peiii  (fig.  561,  p.  765),  the  membrane  itself 
being  the  Zonule  of  Mnn.  The  hyaloid  membrane  separates  the 
vitreous  from  the  retina* 

Eiood-Ti0sssb  q/"  th«  ExfttfiaU. —The  eye  is  very  richly  supplied  witii  btood- 
TesseLs.  In  addition  to  the  conjunctival  vcsseb  which  are  derived  from  the  |mlpe- 
bral  and  kcnmaL  arteries,  thare  are  at  least  two  other  distinct  sets  of  vesseb 
supply inir  the  tunics  of  the  eyel>all. 

(1)  These  are  the  short  and  long  poi^ti^rior  dliary  arteries  which  pierce  th^ 
ackrotic  in  the  posterior  half  of  the  eyeball,  and  the  anl4trtfir  ciliary  which  enter 
near  the  insertions  of  the  reL-ti.  These  vessels  anastoniosr  and  form  a  rich  cjior^idal 
plexus ;  they  also  supply  the  iris  and  miliary  processes,  forminar  a  hi^hJy  vascular 
circle  round  the  outer  margin  of  the  iris  and  adjoin  in|r  portion  of  the  scJcr  oUc.  The 
distinctBeM  of  thc^e  vessels  from  those  of  the  conjunctiva  is  weli  seen  in  the 
diflerence  between  the  bright  red  of  blood-shot  eyes  (conjoncdval  congestion),  and 
the  pink  Eone  surroundinff  the  cornea  which  indicates  oeep^eated  tiliary  congestion, 

(2)  The  rt^tinal  V3s.^iils  (fif^,  574)  are  derived  frt>m  the  nrUria  ctmtrattM  rs/jVifle, 
which  enters  the  eyeball  along  the  centre  of  the  optic  nerve.  They  ramify  all  over 
the  retina,  in  its  inner  layers.    They  can  be  seen  by  ophthalmoscopic  examination. 

The  By©  as  an  Optical  Inatrumenit. 

In  a  photographic  camera  images  of  external  objects  are  thrown 
upon  a  screen  at  the  back  of  a  box,  the  interior  of  which  is  painted 
black.  In  the  eje,  the  camera  is  represented  by  the  eyeball  with  its 
black  pigment,  the  screen  by  the  layer  of  rods  and  cones  of  the  retina, 
and  the  lens  by  the  refracting  media.  In  the  case  of  the  camera, 
the  screen  is  enabled  to  receive  clear  images  of  objects  at  different 
distances,  by  an  apparatus  for  focussing.  The  corresponding  con- 
trivance in  the  eye  is  called  accommodation. 

The  iris,  which  allows  more  or  less  light  to  pass  into  the  eye, 
corresponds  with  the  diaphragms  used  in  the  photographic  apparatus. 

The  refractive  media  are  the  cornea,  aqueous  humour,  crystalline 
lens,  and  vitreous  humour.  The  most  refraction  or  bending  of  the 
rays  of  light  occurs  where  they  pass  from  the  air  into  the  cornea ;  they 
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are  again  bent  slightly  in  passing  through  the  lens.  Alterations  in 
the  anterior  curvature  of  the  lens  lead  to  accommodation. 

We  may  first  consider  the  refraction  through  a  transparent 
spherical  surface,  separating  two  media  of  different  density* 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicu- 
larly do  not  suffer  refraction,  but  pass  through,  cutting  the  optic 
axis  (0  A,  fig.  578),  a  line  which  passes  exactly  through  the  centre 


.N 


I  Fia.  57fl.— nkgimm  of  %  t^tnpUs  optical  tiftlmi  (mfter  U.  Fostor).    Tlio  curr«d  jmrfkca,  &|  d,  ti  mppawd 

II  to  leiMLTita  n  leu  rethietivo  mwKlun  towudi  Uie  loft  from  *  mo»  r«fr»ctlra  raedliini  tomras  \Mtt 
I             Tight, 

of  the  surface,  at  a  certain  point,  the  nodal  point  (fig.  578,  N),  or 
'  centre  of  curvature.  Any  rays  which  do  not  so  strike  the  curved 
surface  are  refracted  towards  the  optic  axis.  Kays  which  impinge 
upon  the  spherical  surface  parallel  to  the  optic  axis,  wiQ  meet  at  a 
point  behind,  upon  the  aaid  axis  which  is  called  the  f-hief  posterior 
'  focus  (fig,  578,  F^);  and  again  there  is  a  point  on  the  optic  axis  in 
front  of  the  surface,  rays  of  light  from  which  so  strike  the  surface 
that  they  are  refracted  in  a  line  parallel  with  the  axis  d  /";  this 
point  (fig,  578,  K^)  is  called  the  vhuf  anterior  foi-vs.  The  optic  axis 
cuts  the  surface  at  what  is  called  the  prindpal  poi?it. 

It  is  quite  obvious  that  the  eye  is  a  much  more  complicated 
optical  apparatus  than  the  one  described  in  the  figure.  It  is,  how- 
ever, possible  to  reduce  the  refractive  surfaces  and  media  to  a  simpler 
form  when  the  refractive  indices  of  the  different  media  and  the 
curvature  of  each  surface  are  known.     These  data  are  as  follows : — 


Index  of  refraction  of  comca .... 
„  „  aqueous  and  vitreous  , 

Radius  of  curvature  of  comea «        .        .        * 
,t  41  anterior  surfswe  of  lens 

,t  ft  posterior      ,         *        ,    —     s 

Distance  from  anterior  surface  of  cornea  to 

anterior  surface  of  lens  »        ♦         .        ,    =     S'fl 

Distance  from  posterior  surface  of  cornea  to 

posterior  surface  of  lent        .        .        .        .    =     7"3 
Distance  from  posterior  sur^^e  of  lens  to 
retina    ..♦.**,,=   15"0 


i-ar 

1*34  torse 

f  1  '4  in  outer  to  1  '15 
V     in  inner  part. 
7 '8  mm. 
10       ,. 
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With  these  data  it  has  been  found  comparatively  easy  to  reduce 
by  calculation  the  different  siufaceB  of  different  curvature  into  one 
mean  curved  surface  of  known  curvature,  and  the  differently  refracliug 
media  into  one  mean  medium  the  refractive  power  of  which  la  knowiL 


-H'^ 


^B 


Fio.  5T0.— If  F  P  ia  «  lino  which  iiepiiriiujti  iwq  tuedlA,  tliu  lowtir  oue  being  tlie  tlmmw,  bd4  A  O  Is  s  imy 
Df  llebt  Iftlllag  OQ  M,  It  {s  bent  ftt  O  towards  tba  nonniit  or  perrM^nrlkiilmr  Utut  N  N\  A  D  ts  caJled 
th««  Irjcicjf^nt  TAYi  uii]  O  B  tbe  refmcU'nl  r&y ;  A  O  K  la  ca1]ik]  tni^  Kngle  of  J-ncldflDf^  ({>,  N'  O  B  the 
uiglA  of  refraction  (ir).    If  viy  dif  tiwcQ  O  X  Is  ]}iiNMiit«d  oil  Llong  O  A^  «nd  m  eqiut  dktanoa  O  X' 

■long  O  B  and  pffifpendlculan  dnwu  to  N  N';  tbi^a  v^-  tudfix  of  ref^mctUMi. 

The  simplest  so-called  schematic  eye  formed  upon  this  principle, 
suggested  by  Listing  as  ths  reduced  tye,  has  the  following  dimen- 
aione : — 

From  anterior  surface  of  cornea  to  the  principal  poiot  =  2'344S  mHL 

From  the  nodal  point  to  the  posterior  surface  of  lens  -  'i764    ,« 

Posterior  rhief  locus  lies  behmd  cornea       -         -        .  ^  22 '8237    „ 

Anterior  chief  focus  in  front  of  cornea         .        *        *  =  12 '8326    „ 

Radius  of  cunrature  of  ideal  surface     .        >        .        *  =  5*1 24S    ,, 

The  term  index  of  refraction  meaus  tbe  ratio  of  the  sine  of  the 
angle  of  incidence  to  that  of  the  angle  of  refraction ;  this  is  explained 
in  the  small  text  beneath  fig.  579. 

In  this  reduced  or  simplified  eye,  the  principal  posterior  focus^ 
about  23  mm.  behind  the  spherical  surface,  would  correspond  to  the 
position  of  the  retina  behind  the  anterior  surface  of  the  cornea.  The 
refracting  surface  would  be  situated  about  midway  between  the 
posterior  surface  of  the  cornea  and  the  anterior  surface  of  the  lena 
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The  optical  ems  of  the  eye  is  a  line  drawn  through  the  centres  of 
curvature  of  the  cornea  and  lens,  prolonged  backwards  to  touch  the 
retina  between  the  ponis  opticus  and  fovea  centralis,  and  this  differs 
from  the  visual  axis  which  paasea  through  the  nodal  point  of  the 
reduced  eye  to  the  fovea  centralis;  this  forms  an  angle  of  5'  with 
the  optical  axis.  But  for  practical  purposes  the  optical  axis  and  the 
visual  axis  may  be  considered  to  be  identical 

The  mmai  or  optical  angle  (fig.  680)  is  included  between  the  lines 
drawn  from  the  borders  of  any  object  to  the  nodal  point;  if  the 
Unes  are  prolonged  backwards  they  include  an  equal  angle.  It  has 
been  shown  by  HeLmholtz  that  the 
smallest  angular  distance  between 
two  points  which  can  be  appreci- 
ated as  two  distinct  points  ==  60 
BecondSj  the  size  of  the  retinal 
image  being  ZQb^L ;  this  is  a  little 
more  than  the  diameter  of  a  cone 
at  the  fovea  centralis  which  -  3ju, 
the  distance  between  the  centres  of 
two  adjacent  cones  being  —  4/jt*  If  the  two  points  are  so  close 
together  that  they  subtend  a  visual  angle  less  than  50  seconds,  both 
images  will  fall  upon  one  cone,  and  the  two  points  will  therefore 
appear  as  ona 

Any  object,  for  example,  the  arrow  A  B  (fig.  581),  may  be  con- 
sidered as  a  series  of  points  from  each  of  which  a  pencil  of  light 


Flu.  &80,— Dligniin  of  Xhv  dptlcul  anglo. 


.-Ab 


;M^ 


Fto.  &81* — Dtognm  of  tbs  cjoutki  of  th«  r^yi  of  Ui^tit,  to  «huw  bow  ma  Imagi^  li  foniie<l  upon  tbe  letlsA. 
Thm  larfftce  C  C  sliotild  l>«  itippo*»d  to  repE«tt6at  Ui«  Jd«al  carvntons. 


diverges  to  the  eye.  Take,  for  instance,  the  raya  diverging  from  the 
tip  of  the  arrow  A;  C  C  represents  the  curvature  of  the  schematic 
or  reduced  eye ;  the  ray  which  passes  through  the  centre  of  the  circle 
of  which  C  C  is  part  is  not  refracted ;  this  point  is  represented  as 
an  asterisk  in  fig.  581 ;  it  is  near  the  posterior  surface  of  the  crystal- 
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line  lens ;  the  ray  A  C.  which  b  parallel  to  the  optic  axis  O  0',  is 
refracted  through  the  principal  pusterior  focus  P^  and  cuts  the  first 
ray  at  the  pomt  A'  on  the  retina.  All  the  other  mys  from  A  meet 
at  the  same  point.  Similarly  the  other  end  of  the  arrow  B  is  focussed 
at  B',  and  rays  from  all  other  points  have  corresponding  focussea 

It  will  thus  be  seen  that  an  inverted  image  of  external  objects  la 
formed  on  the  retina.  The  retina  is  a  curved  screen,  but  the  images 
fall  only  on  a  small  area  of  the  retina  under  normal  circumstances ; 
hence,  for  practical  purposes,  this  small  area  may  be  regarded  as  flat. 

The  question  then  arises,  AVhy  is  it  that  objects  do  not  appear  to 
us  to  be  upside  down  ?  This  is  easily  understood  when  we  remember 
that  the  senmiion  of  sight  occurs  not  in  the  eye,  but  in  the  brain. 
By  education  the  brain  learns  that  the  tops  of  objects  excite  certain 
portions  of  the  retina,  and  the  lower  parts  of  objects  other  portions 
of  the  retina  That  these  portions  of  the  retina  are  reversed  in 
position  to  the  parts  of  the  object  does  not  matter  at  all,  any  more 
than  it  matters  when  one's  photograph  arrives  home  from  the 
photographer's  that  it  was  wrong  way  up  in  the  photographer's 
camera — one  puts  it  right  way  up  in  the  photograph  album. 


Accommodation 

The  power  of  accommodation  is  primarily  due  to  an  ability  to 
vary  the  shape  of  the  lens ;  its  front  surface  becomes  more  or  leas 
convex,  according  as  the  distance  of  the  object  looked  at  is  near  or 
far.     The  nearer  the  object,  the  more  convex,  up  to  a  certain  limit, 

the  front  surface  of  the  lens  becomes,  and 
vice  versd ;  the  back  surface  takes  no  share 
in  the  production  of  the  effect  required. 
The  posterior  surface,  which  during  rest  is 
more  convex  than  the  anterior,  is  thus  ren- 
dered the  leas  convex  of  the  two  during 
accommodation.  The  following  simple  ex- 
periment iilufltrateB  this  point :  If  a  lighted 
candle  be  held  a  little  to  one  side  of  a 
person's  eye  an  observer  looking  at  the  eye 
from  the  other  side  sees  three  images  of  the 
flame  (lig.  582).  The  first  and  brightest  is 
(1)  a  small  erect  image  formed  by  the  an* 
tenor  convex  surface  of  the  cornea;  the 
second  (2)  is  also  erect,  but  larger  and  less  distinct  than  the  pre- 
ceding, and  is  formed  at  the  anterior  convex  surface  of  the  lens; 
the  third  (3)  is  smaller,  inverted,  and  indistinct;  it  is  formed  at 
the  posterior  surface  of  the  lens,  which  is  concave  forwards,  and 
therefore,  like  all  concave  mirrors^  gives  an  inverted  image.     If 


Fig,  &S-P— Uia.i^riiUk  sliowiii^;  thrw 
rBfl<3t:ttoti*tjf  a  candle.     1,  From 

2,  from  Vtict  anttirlor  Aurf«ca  of 
Icim  t  3.  frum  the  poatador  ntn- 

fiftCe  of  IDUA. 
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low  the  eje  under  observation  is  made  to  look  at  a  near  object,  the 
rflecond  image  becomes  smaller,  clearer,  and  approaches  the  first  If 
[the  eye  is  now  adjusted  for  a  far  point,  the  second  image  enlarges 
iBgain,  becomes  lesa  distinct,  and  recedes  from  the  first.  In  both 
[cases  the  first  and  third  images  remain  unaltered  in  size,  distinct- 
Bess,  and  position.  This  proves  that  during  accommodation  for  near 
I  objects  the  curvature  of  the  comeaj  and  of  the  posterior  surface  of  the 
[lens,  remain  unaltered,  while  the  anterior  surface  of  the  lens  becomes 
[more  convex  and  approaches  the  cornea, 

I       The  experiment  is  more  strikmg  when  two  bright  images  (repre- 
lented  by  arrows  in  fig.  583)  are  used ;  the  two  images  from  the  front 


FlfJ.  M3,— Dlftgnun  of  8ftn»ii'i  inmgw.    A,  When  th«  (fyw  i^nt  pot,  and  B.  wbflii  tbey  ar*  ^^^BMed  for 
ntmt  objects.    TUe  fig.  to  tht  rtgbt  i&  A  tnd  B  1»  Oift  I  overt*!  lm*ga  from  the  |KMUrior  itimc*  m 


surface  of  the  lens  during  accommodation  not  only  approach  those 
from  the  cornea,  bnt  also  approach  one  another,  and  become  »^J^^" 
what  smaller.  (SansorCs  Images.)  Hehnholtz's  Phakoscope  (hg.  584) 
is  a  triangular  box  with  arrangements  for  demonstrating  tms 
experiment. 

Mechanism  of  Af:€mn7rwd.ation.~The  lens  having  ^'V^^^^^T 
power  of  contraction,  its  chanj^^es  of  outline  must  be  produce^  by 
some  power  from  without;  this  power  is  supplied  bj  the  ciliary 
muscla  Its  action  is  to  draw  forwards  the  choroid,  and  by  so 
doing  to  slacken  the  tension  of  the  suspensory  ligament  oi  urn 
lens  which  arises  from  it  The  anterior  surface  of  the  lens  is 
kept  flattened  by  the  action  of  this  ligament,  '^'^%  *^^JJJ^7i  ^^^^^^ 
during  accommodation,  by  diminishing  the  tension  of  t  ^  ^  g  j 

diminishes  to  a  proportional  degree  the  flattening  of  w    c 
cause.     On   diminution  or  cessation  of  the   action   o  ^j 

musclej  the  lens  returns  to  its  former  shape,  by  virtu    -i^   *^  wiH 
ticity  of   the  suspensory  ligament  (fig.   585).     f^^j^t^.    i„  view- 
appear  that  the  eye  ig  usually  focussed  for  distauij  owj    ^.        muscle 
ing  near  oiyects  the  ciliary  muscle  contracts;    J^^ ^^^ant  obj^^ 
relaxes  on  withdrawal  or  the  attention  from  near  ttp  *-^ 

.^^riieA  in  the  btidf^  bm 

It  is  possible  to  <*aJt'Ulate  the  curvature  of  the  lens  or    ^j^i^s  (r)  of  curvtttiife 
measimng  the  sise  of  the  Image  of  an  objeet  upon  it     TU«  f™ 
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are  two  glass  plates  intersecting  each  other  at  tin  angle ;  the  image  of  a  bright 
horkontal  line  upon  the  lens  or  corned  is  looked  at  through  the  junction  between 
the  two  pbte!^ ;  one  plate  .s hills  the  image  to  the  right,  the  other  to  the  left ;  the 
angle  between  the  two  plates  is  altered  tintil  the  line  apt>ears  as  two  distinct  hnes 

i'ust  fcouohing  eat^h  other.  The  amount  of  shifting  of  eaeh,  wliidi  must  therefore  be 
lalf  the  length  of  tlie  image  of  the  line,  i^mt  be  easily  C4dcuMed  if  the  thickness  of 
the  ptass  p&tes,  their  refotctive  index,  and  the  angk  between  them  are  known. 
Double  this  result  gives  the  size  of  the  image  on  the  surface  under  investigatiofi* 

Eang€  of  IMstinct  Visicn.  Near-poifii, — In  every  eye  there  ia  a 
limit  to  the  power  of  accommodation.  If  a  book  be  brought  nearer 
and  nearer  to  the  eye,  the  type  at  last  becomes  indistinct,  and  cannot 
be  brought  into  focua  by  any  effort  of  accommodation,  however 
atrong.  This,  which  ia  tenned  the  nmr-pmnt,  can  be  determined  by 
the  followirig  experiment  {Schsiit^).  Two  small  holea  are  pricked  in 
a  card  with  a  pin  not  more  than  a  twelfth  of  an  inch  (2  mm,)  apart ; 
at  any  rate  their  distance  from  each  other  must  not  exceed  the 
diameter  of  the  pupH,  The  card  is  held  close  in  front  of  the  eye, 
and  a  small  needle  viewed  through  the  pin-holes.  At  a  moderate 
distance  it  can  be  clearly  focussed,  but  when  brought  nearer,  beyond 
a  certain  point,  the  image  appears  double,  or  at  any  rate  blurred. 
This  point  where  the  needle  ceases  to  appear  single  is  the  near-point 
Its  distance  from  the  eye  can  of  course  be  readOy  measured.  It  is 
usually  about  5  or  6  inches  (13  cm,).  In  the  accompanying  figure 
(fig,  586)  the  lens  h  represents  the  refractive  apparatus  of  the  eye ; 


e  and/  the  two  pin-holes  in  the  card,  nn  the  retina;  a  represents  the 
position  of  the  needle.  When  the  needle  is  at  a  moderate  distance, 
the  two  pencils  of  light  coming  from  e  and/ are  foeussed  at  a  single 
point  on  the  retina  nn.  If  the  needle  ia  brought  nearer  than  the 
near-point,  the  strongest  effort  of  accommodation  is  not  sufficient  to 
focus  the  two  pencils,  they  meet  at  a  point  behind  the  retina.  The 
effect  is  the  same  as  if  the  retina  were  shifted  forward  to  mm.  Two 
images  h.g.  are  formed,  one  from  each  hole.  It  is  interesting  to  note 
that  when  two  images  are  produced,  the  lower  one  g  really  appears 
in  the  position  q,  while  the  upper  one  appears  in  the  position  p.  This 
may  be  readily  verified  by  covering  the  holes  in  succession. 

During  accommodation  two  other  changes  take  place  in  the  eyes: 
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(1)  The  ej^es  converge  owing  to  the  action  of  the  internal  reetua  muscle 
of  each  eyeball,     (2)  The  pupik  contract 

The  contraction  of  all  of  the  niuscles  Tvhich  have  to  do  with 
accommodation,  viz.,  of  the  ciliary  muscle,  of  the  interual  recti 
muscles,  and  of  the  sphincter  pupilljCj  is  under  the  control  of  the 
third  nerve.  It  should  further  be  noted  tlmt  although  the  act  is  a 
voluntary  one,  the  fibres  of  the  ciliary  muscle  and  of  the  sphincter 
pupillaj  are  of  the  plain  variety. 

The  accorunt  of  accommodation  as  giyen  in  the  preceding  pages  is  true  for  num 
&nd  other  [nfimmats,  birds,  and  certain  reptUcs* 

Beer  ha5>  however,  shown  tliat  in  many  animals  lower  m  the  stmie,  the 
mtvhajiism  of  accommodation  varies  a  good  deai,  and  is  often  very  different  from 
that  just  described,  consisting,  \n  fact,  In  a  power  of  altering  the  distance  betwi^en 
the  lens  and  the  retina. 

In  bony  fishes,  the  eye  at  rest  is  accommodated  for  near  objects ;  in  foeutslnff 
for  distant  objects  the  lens  is  drawn  nearer  to  Uie  retina  by  a  specifli  mnsd«  CftUed 
the  retraeior  Units  *  In  cephalopods  the  same  occurs,  but  the  retractor  lentis  is 
absent ;  here  the  approach  of  the  lens  to  the  retina  is  brought  about  by  an  alteration 
of  intra'<x!nlar  tension.  In  Amphibia  and  most  snakes ^  the  eye  at  rest  is  focussed 
for  distant  objects;  in  accoianiodating  for  near  objecU  the  lens,  by  alteration  of 
intra-ocidar  tt-nsion,  is  brought  forward »  that  U^  the  distance  between  it  and  the 
retina  is  increased.  There  appear  to  be  not  a  few  animals  in  all  ctassefi  which  do  not 
possess  the  power  of  accommodation  at  oU.  Indeed »  Barrett  states  this  ia  so  fof 
most  mammals. 

Defects  m  thi  Optical  Appaeatus 

Under  this  head  we  may  consider  the  defects  known  as  (1) 
Myopia,  (2)  Hypermetropia,  (3)  Astigmatism,  (4)  Spherical  Aber- 
ration, (5)  Chromatic  Aberration. 

The  normal  {mumstropic)  eye  is  so  adjusted  that  at  rest  parallel 
rays  are  brought  exactly  to  a  focus  on  the  retina  (1,  tig.  587), 
Hence  all  objects  except  near  ones  (practically  all  objects  more  than 
twenty  feet  off)  are  seen  without  any  effort  of  accommotlation ;  ui 
other  words,  the  far-point  of  the  normal  eye  is  at  an  infinite  distanca 
In  viewing  near  objects  we  are  conscious  of  the  effort  (the  contraction 
of  the  ciliary  muscle)  by  which  the  anterior  surface  of  tbe  lens  is 
rendered  more  convex,  and  rays  which  wonld  otherwise  be  focussed 
hehiiid  the  retina  are  converged  upon  the  retina  (see  dotted  lines. 
2,  fig.  587), 

1.  Myopia  (short-eight),  (4,  fig,  687),— ThiB  defect  is  due  to  an 
abnoriual  elongation  of  the  eyeball.  The  retina  is  too  far  from  the 
lens,  and  consequently  parallel  rays  are  focussed  in  front  of  the 
retina,  aud,  crossing,  foriu  little  circles  on  the  retina ;  thus  the  images 
of  distant  objects  are  blurred  and  indistinct.  The  eye  is,  as  it  were, 
permanently  adjusted  for  a  near-point.  Rays  from  a  point  near  the 
eye  are  exactly  focussed  on  the  retina.  But  those  which  issue  from 
any  object  beyond  a  certain  distance  {far-point)  cannot  be  distinctly 
focussed     This  defect  is  corrected  by  convave  glasses  which  cause  the 
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raya  entering  the  eye  to  diverge :  heaee  they  do  not  come  to  a  focus 

80  soon.  Such  glasses,  of  course,  are  only  needed  to  give  a  clear 
vieioQ  of  distant  objects.  For  near  objects,  except  in  est tr erne  cases, 
they  are  not  required, 

2,  Hypermetropia  (3,  fig.  587). — This  is  the  reverse  detect.     The 


Pjo.  5fi7-— tHmgnm  AbowLng— 1^  normal  (mimffn^c)  @ya  biingliig  p&nlMl  nj*  ^xtcCly  to  «  (bcut  ckd 
the  r«t!ai;  %  miTtDft)  v^re  iidapittd  lu  «  Dflv--poiut;  ifltbout  Acconimorl^tLon  the  mya  would  bo 
focnsxcid  behind  the  ]¥lliia,|  but  by  Lncrf««mg  tl^e  curvatore  of  the  AnterJor  ituf^  of  thti  Iwom 
faboivti  by  a.  dotted  line)  Khn  x%yn  an  focofliM^  od  the  retina  (M  Indicated  t^y  tbe  BiA^tlni,'  of  the  two 
doited  Mnfts) ;  8,  hfi>fr^ik*Xiopic  eye ;  Im  thli  caae  the  axis  of  Um  eyo If  ihorter  tban  normal ;  imnUal 
r»yi  am  foc^ascK]  l^hlnd  the  retina:  4*  «iw:f><f  flp ;  tn  thi»  cafe  the  axlfi  of  tbo  aye  Ij  abiiarmmlly 
long  t  pAfallul  rayd  are  fuciuaed  In  foml  of  the  tvtlna.  The  flEum  lncoriv:ctly  repf^gMata  the 
reffiu^tlou  as  oecurrliig  only  ta  the  OTTftallltte  leti»:  tho  prlodpal  n&actloD  rtpially  occurs  at  tht 
QuteziQr  lurface  of  tba  coni^> 

eyeball  is  too  short  Parallel  rays  are  f ocussed  behind  the  retina : 
an  effort  of  accommodation  is  required  to  focus  even  parallel  rays  on 
the  retina ;  and  when  they  are  divergent,  as  in  viewing  a  near  object, 
the  accommodation  is  insufBcient  to  focus  them.  Thus,  in  well- 
marked  cases,  distant  objects  require  an  effort  of  accommodatioB,  and 
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near  ones  a  very  powerful  effort,  and  the  ciliary  muscle  is,  therefore, 
ooTistautly  acting,  Thia  defect  is  obviated  by  the  use  of  eofiv$g^ 
glasses,  which  render  the  pencils  of  light  more  convergent.  Such 
glasses  are,  of  course,  especially  needed  for  near  objects,  as  in  reading, 
etc.  They  rest  the  eye  by  relieving  the  ciliary  muscle  from  exceaiive 
work, 

3,  Asttgrmttism — This  defect,  which  was  first  discovered  by 
Airy,  is  due  to  a  greater  curvature  of  the  eye  in  one  meridian  than 
in  others.  The  eye  may  be  even  myopic  in  one  plane,  and  hyper- 
metropic in  others.  Thus  vertical  and  horizontal  lines  crossing  each 
other  cannot  both  be  focussed  at  once;  one  set  stand  out  clearly, 
and  the  others  are  blurred  and  indistinct.  This  defect,  which  is 
present  in  a  slight  degree  in  all  eyes,  is  generally  seated  in  the 
cornea,  but  occasionally  in  the  lens  as  well ;  it  may  be  corrected  by 
the  use  of  cylindrical  glasses  (i.G,,  curved  only  in  one  direction). 

4  Spherical  Aberration, — The  rays  of  a  cone  of  light  from  an 
object  situated  at  the  side  of  the  field  of  vision  do  not  meet  all  in 
the  same  point,  owing  to  their  unequal  refraction ;  for  the  refraction 
of  the  rays  which  pass  through  the  circumference  of  a  lens  is 
greater  than  that  of  those  traveralng  its  central  portion.  This 
defect  is  known  as  spherical  aherratimi,  and  in  the  camera,  telescope, 
microscopep  and  other  optical  instruments,  it  is  remedied  by  the 
interposition  of  a  screen  with  a  circular  aperture  in  the  path  of  the 
rays  of  light,  cutting  off  all  the  marginal  rays,  and  only  allowing  the 
passage  of  those  near  the  centre.  Such  correction  is  effected  in  the 
eye  by  the  iris,  which  prevents  the  rays  from  passing  through  any 
part  of  the  refractive  apparatus  but  its  centre.  The  image  of  an 
object  will  be  moat  defined  and  distinct  when  the  pupil  is  narrow, 
the  object  at  the  proper  distance  for  vision,  and  the  light  abundant ; 
so  that,  while  a  sufficient  number  of  rays  are  admitted,  the  narrow- 
ness of  the  pupil  may  prevent  the  production  of  indistinctness  of 
the  image  by  spherical  aherraticm. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of  the 
outer  surface  of  the  retina,  the  posterior  surface  of  the  iris  and  the 
ciliary  processes,  which  absorbs  most  of  the  light  which  is  reflected 
within  the  eye,  and  prevents  its  being  thrown  again  upon  the  retina 
so  as  to  interfere  with  the  images  there  formed. 

5,  Chromatic  Aberration. — In  the  passage  of  light  through  an 
ordinary  convex  lens,  decomposition  of  each  ray  into  its  elementary 
colours  commonly  ensues,  and  a  coloured  margin  appears  arotmd 
the  image,  owing  to  the  imequal  refraction  which  the  elementary 
colours  undergo.  In  optical  instruments  this,  which  is  termed 
chromatic  aierration,  is  corrected  by  the  use  of  tw^o  or  more  lens^, 
differing  in  shape  and  density,  the  second  of  which  continues  or 
increases  the  refraction  of  the  rays  produced  by  the  first*  but  by 
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recombming  the  individual  parts  of  each  ray  into  its  original  white 

lightj  correetfi  any  chromatic  aberration  which  may  have  resulted 
from  the  firet  It  ia  probable  that  the  unequal  refractive  power  of 
the  transparent  media  in  front  of  the  retina  may  be  the  means  by 
which  the  eye  is  enabled  to  guard  against  the  efifect  of  chromatic 
aberration.  The  hmoan  eye  is  achromatic,  however,  only  so  long  aa 
the  image  is  received  at  its  focal  distance  upon  the  retina,  or  so 
long  as  the  eye  is  properly  accommodated.  If  these  conditions 
are  interfered  with,  a  more  or  less  distinct  appearance  of  colours  ia 
produced. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white 
object^  it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This 
phenomenon  is  termed  Irradiation,  It  ia  partly  for  this  reason  that 
a  white  square  on  a  black  ground  appears  larger  than  a  black  square 
of  the  same  size  on  a  white  ground.  The  phenomenon  ia  naturally 
more  marked  when  the  white  object  is  a  little  out  of  focus. 

Befeciive  Accommodation — Presbyopia. — This  condition  is  due  to 
the  gradual  loss  of  the  power  of  accommodation  which  is  an  early 
sign  of  advancing  years.  In  consequence,  the  person  is  obliged  in 
reading  to  hold  the  book  further  and  further  away  in  order  to  focus 
the  letters,  till  at  last  the  letters  are  held  too  far  for  distinct  vision. 
The  defect  is  remedied  by  weak  convex  glassea.  It  is  due  chiefly  to 
the  gradual  increase  in  density  of  the  lens,  which  is  unable  to  swell 
out  and  become  convex  when  near  objects  are  looked  at,  and  also  to 
a  weakening  of  the  cOiary  muscle,  and  a  general  loss  of  elasticity  in 
the  parts  concerned  in  the  mechanism. 
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Functions  of  thb  Ims 

The  iris  has  the  following  uses : — 

1,  To  act  as  a  diaphragm  in  order  to  lessen  spherical  aberration 
in  the  manner  just  described.  This  is  specially  necessary  when  one 
wishes  to  obtain  a  clearly  defined  image  of  an  object;  the  pupil 
therefore  contracts  when  accommodation  for  a  near  object  takes 
place, 

%  To  regidate  the  amount  of  light  entering  the  eye.  In  a  briglil 
light  the  pupil  contracts ;  iii  a  dim  light  it  enlarges.  This  ttmj  fce 
perfectly  well  seen  in  one*s  own  iris  by  looking  at  it  in  a  imB!m 
while  one  alternately  turns  a  gas-light  up  and  down. 

The  muscular  fibres  (unstriped  in  mammals,  striped  in  busd^'Htf 
the  iris  are  arranged  circularly  around  the  margin  of  the  pii|ift  JMf 
radiatingly  from  its  margin.  The  radiating  libres  are  beil  M  Sfr 
the  eyes  of  birds  and  otters;  some  look  upon  them  ai 
nature,  but  there  is  little  doubt  that  they  are  contractik. 
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who  believe  they  are  not  contractile  explain  dilatation  of  the  pupil 
as  due  to  inhibition  of  the  circular  fibres.  But  if  the  iris  is  atimu- 
lated  near  its  outer  margiB  at  three  different  paints  simnltaneouslj 

the  pupil  asaiinies  a  triangular 
shape,  the  angles  of  the  triangle 
corresponding  to  the  points  stimu- 
lated ;  this  must  be  due  to  con- 
traction of  three  strands  of  the 
radiating  muscle ;  inhibition  of  the 
circular  fibres  would  occur  equallv 
all  round. 

The  iris  is  supplied  by  three 
sets  of  nerve-fibres  contained  in 
the  ciliary  nerves. 

(a)  The   third    nerve   mti   the 

T*m  of  tu  motof  uervwi  of  the  short  Ciliary  nervcs  supplies  the 
tbo  upper  iiftir  of  the  pupil  the    pirnukr  fihrea 
Kircnimr  UDmi  (C)  only  iro  ludlcatCKl.    TiusM    i>iruuittr   llurtJH. 

*?/.''^KH^^.^^  ^f    .'"*/''''7,^  ""^^i^u™*^^        (M  The   cervical   sympathetic 
the  c6ii  fltAiioti  for  Uiese  nhtni  iri  in  tbe  ciijAiy  suppuos  the  radiatiiig  Dorss,     The 

^ftt]giic>D  (C.GA    Around  the  lowe^rhilf  of  the    ^n:^  «„;*^*.1     Amr^^^^.n.    «««l^i*^k    ^^-.^^^.^..^ 

pupTi,  uie  miftitiiii  fli™  (R)  .^  eilio-spinal  centre  which  govema 


,SJC.G. 


S¥ 


AfOUn 


them  is  in  the 


cervical  region  of 
690).    The  fibres 


thtm  Am  .supplied  by  Iho  c^nrvldul  nyrDp&t'tK^tle 
lUy),  otio  fibm  of  irhich  lit  shown  with  its  cell* 
*tatiohi[i  ttint(iperlorcan'ii:*)i;iingUoit(S.C.G.>    the  COrd   (866   p, 

(After   iiEWTio  leave  the  cord  by  the  anterior  root 

of  the  second  thoracic  nerve,  pass  into  the  cervical  sympathetic,  and 
reach  the  eyeball  vid  the  ophthalmic  branch  ol  the  fifth,  and  long 
ciliary  nerves. 

(c)  Fibres  of  the  fifth  nerve  which  are  sensory. 
The  experiments  on  the  motor  nerves  are  those  of  section  and 
stimulation  of  the  peripheral  ends ;  the  usual  experiments  by  which 
the  functions  of  such  nerves  are  discovered. 


SVfflit 


Third 
Third 

Sjmpathettc 
Symjmtlietic 

Both  nerves  together 


Sectioii  . 

Stimiiiatioii 
Section  , 
Stiniulation 

StimuJation 


DUststioD. 
Contractlan, 

.  I  Contmction. 

,      Dilatation. 

J 1  Contraction  overcomes 

\(       the  dilatation. 


Certain  drugs  dilate  the  pupil  These  are  called  mydneUM; 
atropine  is  a  well-known  example.  Others  cause  the  pupLl  to 
contract  These  are  called  myotics ;  physostigmine  and  opium 
(taken  internally)  are  instances.  Different  myotics  and  mydriatics 
act  in  different  ways,  some  exerting  their  activity  on  the  muscular, 
and  others  on  the  nervous  structures  of  the  iris. 
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Meflm  actions  of  the  iris, — ^When  the  iris  contracts  under  the 
influence  of  ligbt,  the  sensory  nerve  is  the  optic,  and  the  motor  the 
third  nerv^e.  The  central  connection  of  the  two  nerves  in  the 
region  of  the  mid-brain  we  shall  see  later  on.  Tlie  iris  also  contracts 
on  accommodation ;  and  the  refiex  path  concerned  in  tliis  action  is  a 
different  one  from  that  concerned  in  the  light  refiex,  as  this  reflex 
often  remains,  in  cases  of  locomotor  ataxy,  after  there  is  an  entire 
loss  of  the  reflex  to  light  (Argyll- Robertsofi  pupil). 

On  painful  stimulation  of  any  part  of  the  body,  there  is  reflex 
dilatation  of  the  pupU.  This  is  accompanied  by  starting  of  the 
eyeballs,  due  to  contraction  of  the  plain  muscle  in  the  capsule  of 
Tenon,  which,  like  the  dilator  fibres  of  the  iris,  is  supplied  by  the 
cervical  sympathetic  nerve. 

We  may  sum  up  the  principal  conditions  under  which  the  pupil 
contracts  and  dilates  in  the  following  table : — 


Oauaea  of— 


Con  traction  of  the  FupU, 

1,  Stimatatioti  of  third  nerve, 

2;  Paralysis  of  rcrvtcal  sympathetic. 

3,  When  the  eye  is  exposed  to  Light 

4,  When  accommodation  ocrurs. 

^.  Under    the    local    inlluence    of 

physostigiTtine^ 
@.  Under  the  influence  of  opiuim 
7.  Duniig  sleep. 


DUatattOB  of  the  PuplL 

Paralysis  of  the  third  nerve. 

Stimulation  of  the  cervical  sympa* 
thetic. 

In  the  dark* 

When  the  accommodatioQ  £i 
relaxed. 

Under  the  local  inlluence  of  atro- 
pine. This  drug  also  paralyses 
the  ciliary  muscle. 

In  the  last  atage  of  asphyxia. 

Id  deep  chloroform  narcosis. 

Uoder   the   intiuence    of   certain 
emotions,  such  as  fear, 
I   9*  During  pain. 

There  is  a  elose  connection  of  the  centres  that  govern  the  activity 
of  the  two  irides.  If  one  eye  is  shaded  by  the  hand,  its  pupil  will 
of  course  dilate^  but  the  pupil  of  the  other  eye  will  also  dilate. 
The  two  pupils  always  contract  or  dilate  together  unless  the  cause 
is  the  local  injury  to  the  nerves  of  one  side  or  the  local  action  of 
drugs. 

FmrcTioNS  op  the  Eetika 

The  Eetina  is  the  nervous  coat  of  the  eye ;  it  contains  the  layer 
of  nerve-epithelium  (rods  and  cones)  which  is  capable  of  receivirjg 
the  stimulus  of  lights  and  trausforming  it  into  a  nervous  impulse 
which  passes  to  the  brain  by  the  optic  nerve. 

The  bacillary  layer,  or  layer  of  rods  and  cones^  is  at  the  back 
of  all  the  other  retinal  layers,  which  the  light  has  to  penetrate 
before  it  can  affect  this  layer.     The  proofs  of  the  statement  that  this 
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18  the  layer  of  the  retina  which  is  capable  of  stimuktion  bj  light  are 
the  following: — 

(1)  The  point  of  entrance  of  the  optic  nerve  into  the  retina, 
where  the  rods  and  cones  are  absent,  ie  inseoBitive  to  light,  and  is 
called  the  Mind  spot  ThiB  is  readily  demoiiBtrated  by  what  ie  known 
as  Mariotte's  experiment*  If  we  direct  one  eye,  the  other  being 
closed^  upon  a  point  at  such  a  distance  to  the  aide  of  any  object, 
that  the  image  of  the  latter  mnst  fall  upon  the  retina  at  the  point  of 
entrance  of  the  optic  nerve,  this  image  is  lost.  If,  for  example,  we 
close  the  left  eye,  and  look  steadily  with  the  right  eye  at  the  dot 


here  represented,  while  the  page  is  held  about  six  inches  from  the 
eye,  both  dot  and  cross  are  visible.  On  gradually  increafiiiig  the 
distance  between  the  page  and  the  eye,  still  keeping  the  right  eye 
steadily  on  the  dot»  it  will  be  found  that  suddenly  the  croea  dis- 
appears from  view,  because  its  image  has  fallen  on  the  blind  spot ; 
on  removing  the  book  still  farther,  it  comes  in  sight  again.  The 
question  has  arisen  why  we  are  not  normally  conscious  of  a  gap  in 
the  image.  The  gap  is  not  felt  for  the  reason  that  a  defect  of  light 
sensations  at  a  spot  blind  from  the  beginning  can  no  more  he  per- 
ceived as  a  gap  in  the  image  than  the  blindness,  say,  of  the  skin  of 
the  back  or  Toot  can  be  so  perceived. 

(2)  In  the  fovea  centralis  which  contains  the  baeillary  layer» 
but  in  which  the  other  layers  of  the  retina  are  thinned  down  to  a 
minimum,  light  produces  the  greatest  effect  In  the  macula  lutea, 
cones  occur  in  large  numbers,  and  iji  the  fovea  centralis  cones 
without  rods  are  found,  whereas,  in  the  rest  of  the  retina  which  is 
not  so  sensitive  to  light,  there  are  fewer  cones  than  rods. 

(3)  If  a  small  lighted  candle  is  moved  to  and  fro  at  the  side  of 
and  close  to  one  eye  in  a  darkened  room,  while  the  eyes  look  steadily 
forward  on  to  a  dull  background,  a  remarkable  branching  figure 
(PurMnjVs  Jl^ures)  is  seen  floating  before  the  eye,  consisting  of  dmrk 
lines  on  a  reddish  ground.  As  the  candle  moves,  the  figure  moves 
in  the  opposite  direction,  and  from  its  whole  appearance  there  can 
be  no  doubt  that  it  is  a  reversed  picture  of  the  retinal  vessels  pro- 
jected before  the  eye*  This  remarkable  appearance  is  due  to 
shadows  of  the  retinal  vessels  cast  by  the  caudle ;  and  it  is  only 
when  they  are  thrown  upon  the  retina  in  an  nn usual  slanting 
direction  that  they  are  perceived.  The  branches  of  these  vessels  are 
distributed  in  the  nerve-fibre  and  ganglionic  layers ;  and  since  the 

*  Purkmje's  figures  ean  lie  niucb  more  readily  seen  hy  simply  looking  steadily 
down  a  microscope,  and  moving  the  whole  Instrument  backwarc^s  and  forwai-ds,  or 
from  ^ide  to  side,  while  ^o  doing. 
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light  of  the  candle  falls  on  the  retinal  veBsels  from  in  front,  the 
shadow  is  cast  behind  fchem,  and  hence  those  elements  of  tlie  retina 
which  perceive  the  shadows  must  also  lie  behind  the  vessels.  Here, 
then,  we  have  a  clear  proof  that  the  light-perceiving  elements  are 
not  the  inner,  but  one  of  the  external  layers  of  the  retina ;  further 
than  this,  calculation  has  shown  it  is  the  lajer  of  rods  and  cones. 
The  data  for  such  a  calculation  are — the  dimensions  of  the  eyeball, 
the  distance  of  the  screen  from  fche  eye,  the  angle  through  which  the 
candle  is  moved,  and  the  displacement  of  fche  figure  seen. 

Duration  of  Vimal  SmsaiioTis. — The  duration  of  the  sensation 
produced  by  a  luminous  impression  on  the  retina  ia  always  greater 
than  that  of  the  impreasion  which  produces  it.  However  brief  the 
luminous  impression,  the  effect  on  the  retina  always  lasts  for  about 
one-eighth  of  a  second.  Thus,  supposing  an  object  in  motion,  say  a 
horse,  to  be  revealed  on  a  dark  night  by  a  flash  of  lightning.  The 
object  would  be  seen  apparently  for  an  eighth  of  a  second,  but  it 
would  not  appear  in  motion;  because,  although  the  image  remained 
on  the  retina  for  this  time,  it  was  really  revealed  for  such  an 
extremely  short  period  (a  flash  of  lightning  lasting  only  a  millionth 
of  a  second)  that  no  appreciable  movement  on  the  part  of  the  object 
could  have  taken  place  in  the  period  during  which  it  was  revealed  to 
the  retina  of  the  observer.  The  same  fact  is  proved  in  a  reverse 
way.  The  spokes  of  a  rapidly  revolving  wheel  are  not  seen  aa 
distinct  objects,  because  at  every  point  of  the  field  of  vision  over 
which  the  revolving  spokes  pass,  a  given  impression  has  not  faded 
before  another  replaces  it.  Thus  every  part  of  the  interior  of  the 
wheel  appears  occupied. 

The  stiiTJuli  which  excite  the  retina  are  excct'^ingly  slight ;  for  instanc-e,  the 
miEiimuiu  stimuhLS  in  the  form  of  green  Light  is  equal  in  terms  of  work  to  that  which 
is  done  in  raising  a  ten-millionth  part  of  a  miUigramrae  to  the  height  of  a  Tiiillimetre, 
and  even  some  of  this  is  doubtless  wasted  in  the  form  of  heat.  The  time  during 
which  the  stimuliLs  ki±s  may  be  exresslvely  small  i  thus  light  from  a  rapidly  rotating 
mirror  is  visible  even  when  it  only  falls  upon  the  retina  for  one  eight- miUionth  part 
of  a  second.  Some  physiologists  have  drawn  an  analogy  between  retinal  and 
muscular  excitations.  There  is  no  complete  analogy,  but  the  following  points  of 
reserablHncc  may  be  noted  i — 

L  The  retina  like  tlie  muscle  possfsses  a  store  of  potentiaj  coerigy,  which  the 
stimulus  serves  to  Hre  off, 

2,   Fatigue  on  action,  and  recovery  after  rest  are  notit-eable  in  botJi. 

3*  The  curve  of  retinal  excitation,  like  the  muscle  curve,  rises  not  abruptly  but 
gradually  to  its  full  height,  and  on  the  cessation  of  the  stimulus  takes  a  measumhle 
time  to  fall  again,  the  retinal  impression  outlasting  the  stimulus  by  about  one-eighth 
of  a  second. 

4.  With  comparatively  slow  intermittent  excitation,  the  phenoinenon  known  as 
fiirker  takes  place  \  this  may  be  shown  by  the  slow  rotation  on  Majtwell's  nmdiine 
of  a  disc  painted  with  alternate  blai^k  and  white  sectom.  'ITiis  roughly  corresponds 
with  what  in  a  muscle  is  called  incomplete  tetanus. 

h.  Wlien  the  rate  of  stimulation  is  increased,  as  by  increasing  the  speed  of  rota^ 
tion  of  the  disc^  j[ist  alluded  to  [say  to  twenty  or  thirty  times  a  second)  the  resulting 
seixsation  is  a  smootli  one  of  greync&s.     'ITiis  fusion  of  individual  stimuli  into  a  con- 


804 


THE  in  AND   VISION 


[CH.  LVl. 


tiauoii*  actisatlan,  does  not  by  any  Tacmas  correspond  to  the  complete  tetanus  of 

mwsde,  for  the  resultimt  sensation  li&s  a  brightness  corrifs ponding  not  to  &  ^vtnnu- 
tioii  of  the  [ndivldual  fusmg  sensntions,  but  to  a  brightness  whjclt  would  ensue  if  the 
itimiili  were  spi-'eait  evenly  over  the  surface  of  the  disc  (Talbot's  L»w), 


The  Ophthalmoscop©* 

Every  OBe  is  perfectly  familiar  with  the  fact,  that  it  is  quite  im^ 
poasible  to  see  the  fundus  or  back  of  another  person's  eye  by  simply 
looking  into  it.  The  interior  of  the  eye  forms  a  perfeotiy  bl&at 
background**  The  same  remark  applies  to  the  diflficulty  we  experi- 
ence in  seeing  into  a  room  from  the  street  through  the  window  unleBS 
the  room  is  lighted  within.  In  the  case  of  the  eye  this  fact  is  partly 
due  to  the  feebleness  of  the  light  reflected  from  the  retina,  most  of  it 
being  absorbed  by  the  retinal  pigment;  but  far  more  to  the  fact  that 
every  such  ray  is  reflected  straight  to  the  source  of  light  (^.^., 
eandle),  and  cannot,  therefore,  be  seen  by  the  unaided  eye  without 
intercepting  the  incident  light  from  the  candle,  as  well  as  the 
reflected  rays  from  the  retina.  This  difficulty  is  surmounted  by  the 
use  of  the  opkthaimosc<^e. 

The  ophthalmoscope  was  invented  by  Helmholtss ;  as  a  mirror  for 
reflecting  the  light  into  the  eye,  be  employed  a  bundle  of  thin  glass 
plates;  this  mirror  was  transparent,  and  so  he  was  able  to  look 
through  it  in  the  same  direction  as  that  of  the  rays  of  the  light  it 
reflected.  It  is  almost  imposaible  to  over-estimate  the  boon  this 
iuBtrument  has  been  to  mankind ;  previous  to  this  in  the  examina- 
tion of  cases  of  eye  disease,  the  principal  evidence  on  which  the 
surgeon  had  to  rely  was  that  derived  from  the  patient's  sensations ; 
now  he  can  look  for  himselL 

The  instrnraenti  however,  has  been  greatly  modified  since  Helm- 
holtz's  time ;  the  principal  modification  is  the  substitution  of  a  con- 
cave mirror  of  silvered  glass  for  the  bundle  of  glass  plates ;  this  is 
mounted  on  a  handle,  and  is  perforated  in  the  centre  by  a  small  hole 
through  wliich  the  observ^er  can  look. 

The  methods  of  examining  the  eye  with  this  instrument  ore— the  <iirerf.  and  the 
indirect :  both  metliods  of  investigation  should  l>e  employed,  A  drop  of  &  solutioQ 
of  atropine  (two  grains  to  tlie  ounce)  or  of  homatropine  hydrDbroiuAte,  should  be 
instilled  about  twenty  minutes  t>efore  the  examination  is  commenced ;  the  cillajy 
muscle  is  thereby  paralysed,  the  power  of  accommodation  is  abolished,  and  the 
pupU  is  dilated.  This  will  materially  facilitate  the  examination  j  but  it  is  quite 
poa&ible  to  observe  all  the  details  to  be  presently  described  without  the  use  of  such 


*  In  some  animals  ip^t;^,  thecat^,  the  pigment  is  absent  ttam  a  portion  of  the 

retinal  epithelium ;  this  forms  the  Tfipeium  lurUhtm.  The  nse  of  this  is  supposed  to 
be  to  increase  the  sensitiveness  of  the  retina,  the  light  l>eing  reBected  bacK  through 
tlie  layer  of  rods  and  cones.  It  is  probably  the  case  that  these  animals  are  able  to  see 
clearly  with  less  light  than  we  caHi  hence  the  popular  idea  that  a  cat  can  see  in  the 
dark.  In  fishes  a  tapetum  lucidum  is  often  present ;  here  the  brightness  is  increased 
by  crystals  of  guanine. 
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drugs.  The  room  being  now  darkened,  the  observer  acatA  hltnscJf  in  front  of  the 
person  whose  eye  he  m  about  to  examine,  placinp  himself  upon  a  somewliat  higher 
level  Let  us  suppose  that  the  right  eye  of  tSe  patient  is  being  examined,  A 
bFJlliant  and  steady  hght  is  placed  close  to  the  left  ear  of  the  patient  TaJdng  the 
mirror  in  his  right  hand,  and  looking  through  the  central  hole,  the  operator  direct* 
a  beam  of  light  into  the  eye  of  the  patient,  A 
red  glare,  known  as  the  r^flex^  is  seen ;  it  ts  due 
to  the  illumination  of  the  retina.  The  patient 
is  then  told  to  look  at  the  little  tineer  of  ^e 
observer's  right  hand  as  he  holds  the  mirror; 
to  effect  this  the  eye  is  rotated  somewhat  in- 
wards, and  at  the  same  time  the  refiex  changes 
from  red  to  a  lighter  colour,  owing  to  the  re- 
flection from  the  optic  disc.  The  observer  now 
approximates  the  mirror,  with  bis  eye  to  the 
eye  of  the  patient,  taking  care  to  keep  the 
light  Hxed  upon  the  pupil,  so  as  not  to  lose 
the  rertex.  At  a  certain  point*  which  varies 
with  different  eyes,  but  is  usually  reached  when 
there  is  an  interval  of  about  two  or  three  inches 
between  the  observed  and  the  observing  eye,  /A*- 
vesMi^  of  (he  r^limt  become  visible.  Examine 
carefully  the  fundus  of  the  eye,  i*.,  the  red 
lurfacc— until  M#  (^vtir  dlst;  is  aeen^  trace  its 
circular  outline,  ana  observe  the  small  central 
white  spot,  the  porus  opticus,  or  pktfsiolfmeal 
pit :  near  the  centre  is  the  central  artery  of  the 
ictina  breaking  up  upon  the  disc  into  bmnches  ; 
veins  also  arc  presents  and  correspond  roughly 
to  the  course  of  the  arteries.  Trace  the  vessels 
over  the  disc  on  to  the  retina.  Somewhat  to 
the  outer  side,  and  only  visible  after  some 
practice,  is  the  rjdtoip  spot,  with  the  smaEer 
lighter-coloured  foi-^sa  rtntrtdh  in  its  centre. 
This  constitutes  the  direct  method  of  examina- 
tion ;  by  it  the  various  details  of  the  fundus  are 
seen  as  they  really  exist,  and  it  is  this  method 
which  should  be  adopted  for  ordinary  use. 

If  the  observer  is  myopic  or  hypermetropic, 
he  will  be  unable  to  employ  the  direct  metitod 
of  examination  imtil  be  has  remedied  his  de- 
fective vision  by  the  use  of  proper  glasses. 

In  the  indirect  method  the  patient  is  placed  as  before,  and  the  operator  holds  the 
mirror  in  his  right  hand  at  a  distance  of  twelve  to  eighteen  inches  from  the  patient  s 
right  eye.  At  the  same  time  he  rests  his  left  little  finger  lightly  upon  the  patient's  right 
temple,  and  holding  a  convex  lens  between  his  thumb  and  forefinger,  two  or  three 
inches  in  front  of  the  patient's  eye,  directs  the  tight  through  the  lens  into  the  eye. 
The  red  reflex,  and  subsequently  the  white  one,  having  been  gained,  the  operator 
slowly  moves  his  mirror,  and  with  it  his  eye,  towards  or  away  from  tlie  face  of  the 
patient,  until  the  outline  of  one  of  the  retiniU  vessels  b^Hjmes  visible,  when  very 
shght  movements  on  the  part  of  the  operator  will  suffice  to  bring  into  view  the 
details  of  the  fundus  above  described,  but  the  image  will  be  much  smaller  and  in- 
verted. The  appearances  seen  are  depicted  in  fig.  574*  The  lens  should  be  kept 
fixed  at  a  distance  of  two  or  three  inches,  the  mirror  alone  being  moved  until  the 
disc  becomes  visible :  should  the  image  of  the  minor,  however,  ot)5Cure  the  disc,  the 
lens  may  be  slightly  tilted* 

The  two  next  figures  show  diagrammatically  the  course  of  the  mys  of  light. 

Fig.  590  represents  what  occurs  when  employing  the  direct  method.  S  is  tJ»e 
source  of  light ,  and  M  M  the  concave  mirror  with  its  central  aperture,  which  reflects 
the  rays  ;  these  are  focussed  by  the  eye  E,  which  is  being  examined,  to  a  point  in  llie 


Fifj.  5S0.  -Tlio  Ophtlmlintiflrapfl  T\\fi 
itmftU  upp«r  mirror  k  for  dixvct.  the 
lErg«T  for  Lddinct,  {llamLuatloti. 
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vilreouft  humour*  imd  this  produces  a  diffuse  lighting  of  the  interior  of  the  e^cML 
"*  --  *    .  -  -  ■  e  eye  parallel  to  €>tie  another  f 

I  focus  p^  on  the  retina  as  the 


Eats  of  light  issuiog  from  the  point  p  emerge  from  the  eyt  parallel  to  €me  another ^ 
and  eater  the  observer's  eye  E^j  they  are  hrougbt  to  a  f 


E' 


M 


M 


FiQ.  tM.^tlm  amiM  of  tlie  Ught  In  «xunfiiiiig  thB  Ajv  bf  tbf  diiBcb  mnthod.    (T,  G,  Brodle.) 

eye  ts  sfcoramodated  for  distant  vision.    Similarly  the  point  m  and  n  will  give  rte 
to  images  at  m^  and  n^  r«:spectiveiy* 

F^.  591  represents  what  occurs  in  examining  the  eye  by  the  indirect  method. 


S 

F(o-  S?U— The  coiirfla  of  tUa  UgH  In  eimmlnlng  the  eya  by  th*'  intlijfjct  matfaod.    (T*  O.  BftKlSa,) 

S  \s  the  source  of  light,  M  M  the  mirror,  K  the  observed,  and  E^  the  observing 
eye  as  before.  The  rays  of  light  are  reflected  from  the  mirror  and  fonn  an  image 
at  fi^ ;  they  then  diverge  and  are  again  made  convergent  by  the  lens  L  held  in  front 
of  the  eye  by  the  observer;  by  this  means  a  second  image  is  foeusse<l  just  beliind 
the  crystalline  lens  of  the  eye  E.  They  then  again  diverge  and  difTusely  light  up 
the  interior  of  the  eyeball.  The  rays  of  light  reflected  from  two  points  t  and  m  on 
the  retina  diverging  from  the  eye  are  renaeted  to  the  glass  lens  L,  and  give  an 
inverted  real  iniiige  i^  m'  larger  than  the  object  i  m,  Th^e  latter  rays  then  diverge, 
and  are  collected  and  focussed  by  the  observing  eye  E'  to  give  an  image  t^  m*  on  the 
retina.    (T.  G.  Brodie.) 

The  Perimeter* 

This  is  an  instrument  for  mapping  out  the  field  of  vision*  It 
consists  of  a  graduated  arc,  which  can  be  moved  into  any  position, 
and  which  when  rotated  tracoa  out  a  hollow  hemisphere.  In  the 
centre  of  this  the  eye  under  examination  is  placed^  the  other  eye 
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beinp  closed.  The  examiner  then  determines  on  the  gurfaee  of  the 
hemisphere  those  pointe  at  which  the  patient  just  ceases  or  just 
begins  to  see  a  small  object  moved  along  the  arc  of  the  circle.  These 
points  are  plotted  out  on  a  chart  graduated  in  degreeSp  and  by  con- 
necting them  the  outline  of  the  field  of  vision  ia  obtained. 

Fig*  592  shows  one  of  the  forms  of  perimeter  very  generaOy 
employed,  and  fig.  593  represents  one  of  the  charts  provided  with 
the  instrument.  The  blind  spot  is  shown,  and  the  dotted  line 
represents  the  normal  average  field  of  vision  for  the  right  eya 

It  will  be  seen  that  the  field  of  vision  is  most  extensive  on  the 
outer  side ;  it  is  less  on  the  inner  side  because  of  the  presence  of  the 
nose 

By  the  use  of  the  same  instrument,  it  is  found  that  the  colour 
of  a  coloured  object  is  not  distinguishable  at  the  margin,  but  only 
towards  the  centre  of  the  field  of  vision,  but  there  are  diGTerencea 
for  ditferent  colours;  thus  a  blue  or  yellow  object  is  seen  to  be 
blue  or  yellow  over  a  wider  field  than  a  red  or  green  object 

In  disease  of  the  optie  nerve,  contraction  of  the  field  of  vision 
for  white  and  coloured  objects  is  found.  This  is  often  seen  before 
any  change  in  the  optic  nerve  is  discoverable  by  the  ophthalmoscopa 

The  yellow  spot  of  one's  own  eye  can  be  rendered  evident  by 
what  is  called  Clerk -Maxweirs  experiment: — On  looking  through  a 
solution  of  chrome-alum  in  a  bottle  with  parallel  aides,  an  oval 
purplish  spot  is  seen  in  the  green  colour  of  the  alum.  This  is  due 
to  the  pigment  of  the  yellow  spot. 


Vifiua.1  SensationB. 

Visual  sensations  are  of  two  kinds,  colour  sensations  and  colour- 
less sensations.  Colour  sensations  differ  (1)  in  hue,  for  instance,  blue, 
red,  yellow  ;  (2)  in  saturation,  for  instance,  pale  green  and  full  green  j 
this  depends  upon  the  degree  of  admixture  with  white  light ;  and  (3) 
in  intensity,  fur  instance,  a  weak  sensation  or  a  strong  sensation. 
These  dilTerences  are  in  part  dependent  respectively  on  the  length, 
the  purity,  and  the  amplitude  of  the  light- wave ;  but  they  are  also 
dependent  on  the  local  or  general  condition  of  the  cerebro*retinal 
apparatus  at  the  time  of  stimulation.  Colours  also  differ  (4)  in 
hrightnem  or  luminosity;  this  is  a  purely  psychological  quality 
devoid  of  any  known  physical  counterpart.  The  brightness  of  a 
colour  may  be  measured  by  determining  the  shade  of  grey  to  which 
it  appears  equivalent.  Even  the  most  saturated  colours  (for 
instance,  yellow  and  blue)  have  different  degrees  of  brightness. 
Colourless  sensations  include  the  grey  series  from  the  deepest  black 
to  the  most  blinding  white. 

If  a  ray  of  sunlight  ia  allowed  Uy  pass  through  a  prism,  it  ia 
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decomposed  by  its  passage  into  raye  of  different  colours^  which  are 
called  the  colours  of  the  spectrum ;  they  are  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  out 
of  their  course  by  the  prism,  and  the  violet  the  most,  whilst  the  other 
coloiura  occupy  in  order  places  between  these  two  extremes.  The 
diiferences  in  the  colour  of  the  rays  depend  upon  the  rapidity  of 
vibrations  producing  each,  the  red  rays  being  the  least  rapid 
and  the  violet  the  moat  In  addition  to  these,  there  are  other  rays 
which  are  invisible  but  which  have  definite  properties ;  those  to  the 
left  of  the  red  are  less  refrangible,  being  the  calorific  rays  which  act 
upon  the  thermometer,  and  those  to  the  right  of  the  violet,  which 
are  called  the  actinic  or  chemical  rays,  have  a  powerful  chemical 
action. 

White  light  may  be  built  from  its  constituents  in  several  ways, 
for  instance,  by  a  second  prism  reversing  the  dispersion  produced  by 
the  firsts  or  by  causing  the  colours  of  the  spectrum  to  fall  on  the 
retina  in  rapid  succession.  The  beat  way  to  study  the  effects  of 
compoimding  euccessive  colour  stimuH  is  by  means  of  a  rapidly 
revolving  disc  to  which  two  or  more  coloured  sectors  are  fixed 
Each  colour  is  viewed  in  rapid  succession,  but  owing  to  the  per- 
sistence of  retinal  impressions,  the  constituent  colour  stimuli  give  a 
single  sensation  of  colour, 

A  colourless  sensation  can  be  produced  by  the  mixture  of  three 
colours,  or  even  of  two  colours  in  certain  hues  and  proportions. 
These  pairs  of  colours,  of  which  red  and  greenish -blue,  orange 
and  blue,  and  violet  and  yellow  are  examples,  are  called  comple- 
mentary. 

Thus  blue  and  omnget  when  rotated  on  the  coloui^wheel,  produce  a  colourless 

sensation  ;  but  it  i.^  weU  known  th^it  a  mixture  of  blue  utid  orange  paint  i^^ives  screen. 
This  is  explained  on  the  supposition  that  the  colours  used  are  not  pure  and  that 
each  contaiui  green ;  the  true  btue  and  orange  present  neulraJise  euch  other  to 
produce  white,  and  tlius  green  Is  the  only  colour  sen!>atioo  obtiiined. 

Throe  properly  chosen  colours  will  not  only  produce  a  colourless 
sensation,  but  when  combined  in  appropriate  amounts  they  can  l>e 
mado  to  yield  any  other  colour  sensation.  It  is  on  this  principle 
that  Thomas  Young  based  his  trichromatic  theory  of  colour  vision* 
which  was  stibsequently  elaborated  by  Helmholtz  and  Clerk -M ax welL 
It  is  known  as  the  Young-Holmholt2  theory.  The  theory  selects 
as  the  three  above-mentioned  colours  red,  green,  and  violet,  and 
terms  these  the  three  priraary  colours.  These  three  particular 
colours  are  choson,  partly  because  of  their  position  witliin  the 
spectrum,  partly  on  account  of  the  phenomena  of  colour-blindness, 
and  for  other  reasons. 

The  Young- Helmholtz  theory  teaches  that  there  are  in  the  retina 
certain  elements  (?  within  the  cones)  which  answer  to  each  of  these 
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Flu,  5&4,^DiagTiia]  qf  tlin  tbn»  primmry  colciUT 
jioiitttloiis.  (TfOting'HBlrDboHi  Ibeorj*)  1  U 
th«  rwl;  S,  gK«u,  And  i,  viakt^  [irltnjity 
dqIouit  a^niuyoTi,  The  lettfliinjj  leidU  atea  tlio 
colours  of  the  sirtfctrmn,  Tlie  iling^raiu  tiidi* 
e«Uw  by  the  huight  of  the  carve  to  whnt 
cxt^tkt  tbfl  HYoni  primftry  aeiiHaUonji  uf 
colour  fctti  excitfld  b>-  vibrstUona  of  cllfferotit 
w]i\^«  longthB. 


primary  colours,  whereas  the  iiinumerable  intermediate  shades  of 

colour  are  produced  by  stimidatioD  of  the  three  primary  colour 
terminals  in  different  degrees,  the  sensation  of  white  being  produced 
when  the  three  elements  are  equally  excited     Thus,  if  the  retina  is 

stimulated  by  rays  of  certain  wave 
length,  at  the  red  end  of  the  spec- 
trum, the  terminals  of  the  other 
colours,  green  and  violet,  are  hardly 
stimulated  at  all,  but  the  red 
terminals  are  strongly  stimulated, 
the  resulting  sensation  being  red. 
The  orange  rays  excite  the  red 
terminals  considerably,  the  green 
rather  more,  and  thenolet  slightly, 
the  resulting  sensation  being  that 
of  orange,  and  so  on  (fig,  594), 

Another  theory  of  colour  vision 
(Heriag's)  supposes  that  there  are 
six  primary  colour  sensations,  viz* : 
three  antagonistic  (complemen- 
tary) pairs,  black  and  white,  red  and  green,  and  yellow  and  blue; 
and  that  theae  are  produced  by  the  changes  either  of  disin- 
tegration or  of  assimilation  taking  place  in  certain  substances, 
wlach  (the  theory  supposes)  exist  in  the  cerebro-retinal  apparatus. 
Each  of  the  substances  corresponding  to  a  pair  of  colours  is 
capable  of  undergoing  two  changes,  one  of  disintegration,  and 
the  other  of  construction,  with  the  result  of  producing  one  or 
other  colour.  For  instance,  in  the  white-black  substance,  when 
disintegration  is  in  excess  of  construction  or  assimilation,  the 
sensation  is  white,  and  when  assimilation  is  in  excess  of 
disintegration  the  reverse  is  the  case ;  and  similarly  with  the  red- 
green  substance,  and  with  the  yellow-blue  substance.  When  the 
repair  and  disintegration  are  equal  with  the  first  substancCi  the  visual 
sensation  is  grey;  but  in  the  other  pairs,  when  tliis  is  the  case,  no 
colour  sensation  oecurs.  The  rays  of  the  spectrum  to  the  red  end 
produce  changes  in  the  red-green  substance,  with  a  resulting 
sensation  of  red,  whilst  the  (orange)  rays  further  to  the  right  affect 
both  the  red-green  and  the  yellow-blue  subxStances ;  bine  rays  cause 
constructive  changes  in  the  yellow-blue  substances,  but  none  in  the 
red -green,  and  so  on.  All  colours  act  on  the  white- black  substance 
as  well  as  on  the  red-green  or  yellow-blue  substance. 

Neither  theory  satisfactorily  accoimts  for  all  the  numerous 
complicated  problems  presented  in  the  physiology  of  colour  vision. 
One  of  these  problems  is  colour  blindness,  a  by  no  means  uncommon 
visual  defect     Some  people  are  completely  colour  blind,  bat  the 
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commonest  form  is  the  inability  to  diatinguish  between  red  and 
green.  Helmholtz*s  explanation  of  such  a  condition  is,  that  the 
elements  of  the  retina  which  receive  the  impression  of  red  or  green 
are  absent,  or  very  imperfectly  developed,  and  Hering's  woidd  be 
that  the  red-green  substance  is  absent  from  the  cerebro-retinal 
apparatus.  Other  varieties  of  colour-blindness,  in  which  the  other 
colour-perceiving  elements  are  absent,  have  been  shown  to  exist 
occasionally. 

Hering's  theory  appears  to  meet  the  difficulty  best,  for  if  the  red 
element  of  Helmholtz  were  absent,  the  patient  ought  not  to  be  able 
to  perceive  white  sensations,  of  which  red  is  a  constituent  part; 
whereaSi  according  to  Hering's  theory,  the  white-black  visual  sub- 
stance remains  intact. 

Those  two  theories  have  been  for  a  long  time  before  the  scientific 
worUL  As  facts  have  accumulated,  it  has  been  for  some  years 
recognised  that  many  facts  could  not  be  reconciled  with  either; 
and  modifications  of  one  or  the  other  have  been  from  time  to  time 
introduced. 

C,  J,  Bupch  found  that  by  exposing  the  eye  to  bright  sunhght  in  the  focus  of  tt 
burning  glass  behind  transparent  coloured  screens,  it  la  possible  to  produce 
temporary  folour  blindness.  After  ivd  lijjhtt  tlie  observer  is  for  sonae  minntes  red- 
blind.  seaFk't  geraniums  look  black,  yellow  flowers  green,  and  purple  flowers  violet. 
After  violet  light,  violet  looks  blaelc,  purple  Howers  crimson,  and  green  foliage 
richer  than  usual.  After  light  of  other  colours,  corresponding  effects  are  produced* 
If  one  eye  i^  made  ptirple^blind^  and  the  other  green-bliadt  all  objects  arc  seen  in 
their  natural  colours,  but  in  exaggerated  perspective,  due  to  the  difficulty  the  brain 
e^iperienccs  in  combining  the  iinnirfs  from  the  two  eyes. 

By  using  a  briiJ^htly-iUuminated  spectrum,  and  di rot- ting  the  eye  to  certain  of  its 
colours,  the  eye  in  time  becomes  fatigued  and  blind  for  th^it  colour*  so  that  it  is  no 
longer  seen  in  the  spectrum,  Thus«  after  green  blind nt'ss  is  induced  the  red 
appeara  to  meet  the  blue,  and  no  green  is  seen.  If,  however,  the  eye  is  expised  to 
yellow  hght,  it  does  not  similarly  become  blind  for  yellow  only*  but  for  red  and 
green  too.  This  supports  the  \  oung- Helm  hoi  t^  thrtyrvt  that  the  sensation  yellow 
is  one  compoundetl  of  the  red  and  grc^n  sensations.  Hy  nn  exhau^itivc  exami nation 
of  the  diflferent  ^>arts  of  the  spectrum,  in  this  way  it  tlius  becomes  possible  to 
differejitiate  hetween  the  primary  colour  sensations  and  those  «  liirh  iire  compound. 
By  a  study  of  this  kind,  Burch  concludes  ttiat  the  phenomena  of  colour  vision  are 
in  accordance  with  the  Young- He] nih(*ltK  theory,  with  t!ie  important  addition  that 
there  is  a  fourth  primary  colour  sensation,  namely,  t>lue.  He  could  not  discover 
that  colour  sensations  are  related  to  each  other  in  the  sense  indicated  by  Hcrtng. 
Each  may  tje  exhausted  without  cither  weakening  or  strengthening  the  others. 
These  observations  were  confirmed  by  exa ruining  in  a  similar  way  the  colour 
sensations  of  seventy  other  people*  out  there  are  individual  differences  in  the 
extent  to  whit'h  the  colour  sensations  overlap* 

AfkT-Ima^m, — Thesa  are  the  after-effects  of  retinal  excitation, 
and  are  divided  into  positive  and  negatwn.  Positive  after-images 
resemble  the  original  image  in  distribution  of  brighttiess  and  coloun 
In  negativei  after-images  bright  parts  appear  dark,  dark  parts  briglit, 
and  coloured  parts  in  the  complemoutary  or  contrast  colours. 

If  a  bright  white  object  is  looked  at,  and  the  ejelids  are  then 
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closed,  a  positive  after-image  is  seen  which  fades  gradually,  but  as  it 

&des  it  passes  through  blue,  violet  or  red,  to  orange ;  according  to 
the  Young'Helmholtz  theory,  this  is  explained  on  the  hypothesis 
that  the  excitation  does  not  decline  with  equal  rapidity  in  the  three 
colonr  terminals.  A  positive  after-image  is  readily  obtained  by 
momentsrily  looking  at  a  bright  object,  e.g.j  a  window,  after  wakmg 
from  sleep.  Negative  after-images  may  be  seen  either  by  elosing 
the  eyes  or  by  turning  them  to  a  uniform  grey  surface  after  viewing 
an  object  steadily. 

11  the  object  looked  at  is  caloured^  the  negative  after-image  seen 
upon  such  a  background  is  in  its  complementary  colour;  this  is 
explained  by  the  Young-Hehnholtz  theory,  by  the  supposition  that 
the  colour-perceiving  element  for  the  colour  looked  at  is  the  most 
fatigued,  and  the  terminals  for  its  complementary  colour  least 
fatigued.  On  the  Hering  theory,  one  colour  produces  anabolic  or 
katabolic  effects  as  the  case  may  be ;  on  withdrawing  the  eye  from 
stimulation  by  that  particular  colour,  the  opposite  phase  of  meta- 
bolism takes  place  and  produces  the  complementary  colour*  One 
has  an  analogy  to  this  in  the  case  of  the  heart ;  when  that  organ  has 
been  thrown  into  an  anabolic  state  by  the  stimulation  of  the  vagus, 
it  will  beat  better  when  the  atimnlation  stops  owing  to  increase  of 
katabolic  processes. 

Simultaneous  Contrast — Negative  after-images  are  frequently 
spoken  of  as  phenomena  of  succemve  contrast  Somewhat  more 
complex  than  these  are  the  phenomena  of  simultaneous  contrnst^  A 
grey  object  looks  whiter  when  viewed  against  a  dark  background 
than  when  seen  against  a  white  Imckground ;  the  colour  of  an  object 
is  intensified  by  viewing  it  against  a  background  of  its  comple- 
mentary hue.  Another  familiar  experiment  is  the  following: — A 
piece  of  grey  paper  is  placed  on  a  green  sheet,  and  the  whole  covered 
with  tissue  paper ;  the  grey  patch  then  appears  to  be  reddish^  that 
is,  of  the  colour  complementary  to  green.  Helmholtz  regarded  such 
phenomena  as  the  result  of  false  judgment,  and  not  of  changes  in 
excitability  of  the  different  parts  of  the  retina.*  It  certainly 
appears  easier  to  explain  contrast  by  the  Hering  theory;  excitation 
by  one  colour  induces  an  opposite  metabolic  process  in  neighbouring 
areas  of  the  retina ;  if  two  stimuli  of  opposite  character  are  presented 
simultaneously  side  by  side,  the  contrast  effect  will  be  most  marked. 
In  the  experiment  with  tissue  paper,  the  greater  part  of  the  retina 
is  being  excited  by  green,  and  the  part  of  the  retina  stimulated  by 
the  feeble  white  light  from  the  grey  paper  wili  undergo  the  opposite 
change  and  produce  a  sensation  of  red. 

•  By '*  retina  *'  here  and  elsewhere  we  mean  **  eerebro-retinal  apparatus*"  We 
\mMt  no  knowledge  of  the  precise  ^hare  of  retina  and  brain  in  the  aeirelopmcni  cif 
risi;^  sensations  and  aftemsetiBationa. 
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Binocular  colour-mixture. — By  means  of  the  stereoBcope.  binocular 
eombinatdoDs  of  colour  can  be  obtained.  Thus,  if  one  eye  is  exposed 
to  a  red  disc,  and  the  corresponding  portion  of  the  other  eye  tu  a 
yellow  one,  the  mind  usually  perceives  one  disc  of  an  orange  tint ; 
but  frequently,  especially  if  there  be  differences  of  brightness  or  of 
form  in  the  two  objects,  we  notice  tliat  '*  rivalry  of  the  fields  of 
vision  "  occurs,  first  one  then  the  other  disc  rising  into  consciousness. 
A  stereoscopic  combination  of  black  and  white  produces  the  appear- 
ance of  metalhc  lustre;  this  is  very  beautifully  shown  with  figures  of 
crystals,  one  black  on  a  white  ground,  the  other  white  on  a  black 
ground.  Probably  the  combination  of  black  and  white  is  interpreted 
as  indicating  a  polished  surface,  because  a  polished  surface  reflects 
rays  irregularly  so  that  the  two  eyea  receive  stimuli  of  unequal 
intensity. 

Changes  in  the  Retina  during  Activity. 

The  method  by  which  a  ray  of  light  is  able  to  stimulate  the 
endings  of  the  optic  nerve  in  the  retina  in  such  a  manner  that  a 
visual  sensation  is  perceived  by  the  cerebrum,  is  not  yet  understood. 
It  is  supposed  that  the  change  effected  by  the  agency  of  the  light 
which  falls  upon  the  retina  is  in  fact  a  chemical  alteration  in  the 
protoplasm,  and  that  this  change  stimulates  the  optic  nerve-endings. 
The  discovery  of  a  certain  temporary  reddish-purple  pigmentation  of 
the  outer  limbs  of  the  retinal  rods  in  certain  animals  {e.g.,  frogs) 
which  had  been  killed  in  the  dark,  forming  the  so-called  rimlopsin  or 
pisual  purple,  appeared  likely  to  offer  some  explanation  of  the 
matter,  especially  as  it  was  also  found  that  the  pigmentation  dis- 
appeared when  the  retina  was  exposed  to  light,  and  reappeared  when 
the  light  was  removed,  and  also  that  it  underwent  distinct  changes 
of  colour  when  other  than  white  light  was  used.  It  was  also  found 
that  if  the  operation  were  performed  quickly  enough,  the  bleached 
image  of  a  bright  object  {optogram)  might  be  fixed  on  the  retina  by 
soaking  the  retina  of  an  animal  which  has  been  killed  in  the  dark,  in 
alum  solution. 

The  rhodopsin  is  derived  in  some  way  from  the  black  pigment 
(melanin  or  fuscin)  of  the  polygonal  epithelium  of  the  retina,  since 
the  colour  is  not  renewed  after  bleaching,  if  the  retina  is  detached 
from  its  pigment  layer- 
Certain  pigments,  not  sensitive  to  lights  are  contained  in  the 
inner  eegments  of  the  cones.  These  are  oil  globules  of  various 
colours^  red,  green,  and  yellow,  called  chromophanes,  and  are  found 
Lo  the  retina  of  marsupials  (but  not  other  manunals),  birds,  reptiles, 
and  fishes.  Nothing  is  known  about  the  yellow  pigment  of  the 
yellow  spot 

Another  change  produced  by  the  action  of  the  light  upon  the 
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retiDa  is  the  moveTnmt  of  ihe^^ment  cells.  On  being  gtimulated  by 
light  the  granules  of  pigment  in  the  cells  which  overlie  the  outer 
part  of  the  rod  and  cone  layer  of  the  retina  pass  down  into  the 
processes  of  the  cells,  wMch  hang  down  between  the  rods;  these 
meiamn  OT/uscin  grannies  are  generally  rod-ahaped,  and  look  almost 
like  cryBtals.  In  addition  to  this,  a  movemsnt  of  the  con^s  and  possibly 
of  the  rods  occurs,  as  has  been  already  mentioned  \  in  the  light  the 
cones  shorten,  and  in  the  dark  they  lengthen  (Engehnanti). 

Dewar  and  McKendrick  were  the  first  to  show  that  the  chemical 
changes  in  the  retina  are  accompanied  with  an  electrical  change* 

Red  light  ha.s  no  action  on  visual  purple  ;  the  maximum  bleaching  effect  t^kes 
place  in  greeiiisli-yellow  light  Now,  when  the  living  eye  is  brought  iBto  a  coodition 
of  "dark  adaptafion/'  that  Js»  when  the  retina  1ms  het^omc  adapted  to  light  of  low 
intensity,  the  colours  of  the  spectrum  alter  in  brightness ;  the  red  end  becomes 
shortened  and  mut^i  darker;  the  bl*ie  end  becnimes  brighter,  and  the  region  of 
maximuni  brightness  is  in  the  green.  This  change  of  brightness  with  change  of 
adaptation  is  absent  in  tlie  fovea,  whei^  there  are  no  rods.  The  selertive  action  of  the 
colours  of  the  spe*:irura  on  the  visual  purple  is  so  strikingly  similar  to  the  altered 
conditions  of  brightness  just  described,  that  changes  in  the  visual  purple  of  the  rods 
have  been  supposed  to  ht  the  cause  of  sensations  cxtited  by  feeble  illtitni nation  {i«.  • 
ia  the  **  dark-ad aplcd  '*  eye),  while  the  cones  are  affected  under  more  ordinary  con- 
diliona  of  illuuii nation.  Ihis  conclusion  gains  support  from  several  Interesting  facts. 
Visuiil  purple  is  specially  ninmdant  in  the  retinas  of  almost  all  animals  whose  habits 
are  nocturnal,  or  who  live  underground.  Further,  if  the  mtcnsity  of  a  colour  stimulus 
is  gradually  increased,  it  at  first  is  too  faint  to  prt>duce  any  sensation ;  then  it  pro- 
duces a  sensation  of  greyness,  aud  at  kst  the  colour  itself  is  seen ;  the  interval 
between  the  appearance  of  the  grey  or  white-blaek  effect  and  of  the  true  colour 
effect  of  Uie  stimulus  is  spoken  ofas  the  *'^  phoiQ'rhronixAiU!  inifrpnL^^  Red  light  has 
no  effect  on  viiiuaJ  purple,  and  has  no  photoH'hroraatic  interval  (that  is,  it  appears 
either  red  or  nnthingj,  and  according  to  several  observers,  there  is  no  such  interval 
at  the  fovea,  where  trie  rods  and  therefore  visual  purple,  are  absent.  Thirdly,  a  very 
shnilar  effect  has  been  described  by  M*Dougidl.  when  the  retina  is  momentarily 
stimulated  by  a  coloured  light ;  the  sensation  arising^  from  the  stimulus  is  followed 
by  a  series  of  ** primary  responses*'  or  after-sensalaons ;  the  first  members  of  the 
series  have  the  same  colour  as  the  stimulus,  and  these  arc  sometimes  followed  by  a 
genes  of  colourless  (grey)  sensattons  ;  these  grey  sensations  are  only  present  outside 
the  fovefuand  under  conditions  of  *'  dark  adaptation  *'  are  absent  with  red  and  bright* 
est  with  green  stimuli.  Here  again  we  are  able  to  differentiate  l>etwecn  a  visual- 
purple  (rod)  effei*t,  and  a  cone  cSect,  the  former,  active  under  conditions  of  feeble 
iUuminution^  affected  most  by  greeniand  unaffeiled  by  red  light,  and  yielding  colour* 
less  sensiitions ;  the  latter  iJeiniif  more  specially  ooncerned  in  developing  sensations 
of  colour  under  conditions  of  adaptation  to  ordinary  light  The  fo^ea  4'entrfiJis  thus 
becomes  the  rei^ion  where  the  colours  of  objects  are  best  distinguishable,  and  where 
with  ordinary  nlumination  visual  acuity  Is  most  marked.  In  the  dark,  however, 
extra-foveal  (rod)  vision  is  more  sensitive  than  fovea!  (cone)  vision  ;  astitinomers  sec 
foint  stars  more  readily  in  the  periphery  of  the  fieJd  of  vision. 

Two  abnormal  conditions  may  h&  deiseribed  lie  re,  for  they  throw  light  on  tbese 
phenomena.  In  cases  of  achrofnatofma  (total  colour  blindness}  the  spectrum  is  seen 
as  a  band  of  light  differing  only  In  brightness  i  the  region  of  maximum  brightness 
is  the  same  as  in  esttra-foveal  vision  of  the  normal  eye ;  in  many  of  these  cases  there 
is  a  central  ^cfH&ma  (blind  spot),  that  is,  the  rodless  fovea  is  blind  ;  there  isre  dneed 
acuity  of  vision  as  in  the  **  dark -adapted  "  eye,  and  phot&phobia  (fear  of  strong  light); 
n^iatfmits  (oscillating  movements  of  the  eye)  also  occurs,  due  toatvsenee  of  an  area  of 
distinct  vision.  We  are  thus  in  typiail  cases  of  achromiitopsia  dealing  with  cases 
of  cone  blindness.  In  n^ciahpia  (night  blindness)  on  tlie  other  hand,  we  meet  the 
converse  condition.    Here  there  is  an  abnormal  slowness  of  '♦dark  adaptJition,"  and 
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ft  pathological  obange  known  as  rgtmUis  pi^meHtota  h  present,  suggesting  an  im- 
pulred  function  of  the  visual  purple.  Pilocarpine  has  been  found  an  effecfiTe  drug 
in  such  cases,  and  this  is  also  interestin|jr  because  it  hastens  the  n.^enera.t]on  of  visual 
purple  in  the  extirp^-itcd  eye- 

The  electrical  variations  in  tlie  retina  untler  the  intluence  of  light  have  been 
reeently  reinvestigated  by  Waller*  The  excised  eyeball  of  a  frog  is  led  off  by  non- 
potarisable  eleeb'odes  to  a  galvanometer.  One  electrode  is  placed  on  tlie  front,  the 
other  on  the  back  of  the  eye.  If  tlie  eyeball  is  quite  fresh,  a  current  is  observed 
passing  through  the  eyeball  from  back  to  front  When  hght  falls  on  the  eye  this 
current  is  increased ;  on  shutting  off  tlie  light  there  is  a  momentary  further  increase, 
and  then  the  current  slowly  returns  back  to  its  previous  condition.  Waller  explains 
this  by  5upposin)>^  that  anabolic  changes  in  the  eye  predominate  during  stimulation 
by  light  With  the  onset  of  darkness,  the  katabolic  chanj^es  cease  at  ouee,  antl  the 
anabolic  more  slowly  ;  hent-e  a  further  positive  variation. 

As  already  statett  the  current  in  a  fresh  eyeball  passes  from  back  to  front  before 
the  stimulus  is  applied,  but  this  cannot  be  regarded  as  a  true  current  of  rest,  but  aa 
a  current  due  to  previous  action  which  very  slowly  subsides.  When  this  has 
subsided,  the  true  current  of  rest  Is  from  cornea  to  fundus,  i.**,,  it  is  like  that  of  the 
skin  (see  p,  48 1)  ingoing— Uie  response  to  stimulation  is  like  that  of  the  skin  out- 
going, waller  has  also  studied  the  electrical  responses  of  the  eyeball  to  other 
methods  of  stimulation ;  if  electrical  currents  are  employed,  and  the  eyeball  is  still 
healthy,  the  response  is  always  an  outgoing  current,  whatever  may  be  the  direction 
of  the  electrical  current  used  as  tlie  stimulus*  These  currents  of  action  are  no  doubt 
malidy  of  retinal  origin,  but  later  Waller  showed  tiiat  the  anterior  portions  of  the 
eye,  especially  the  crystalline  lens,  parlici|>ate  in  their  causation.  The  response  of 
the  eye  to  non-luminous  stimuli  lasts  some  time«  and  is  spoken  of  as  a  ''  bla^e  c*urrent '' 
An  analogous  response  lias  been  seen  in  skin,  plant-tissues,  etc 

Goten  has  studied  the  photo-electric  change  in  the  frog-a  eyeball  with  the 
capUbry  electrometer.  He,  tike  Waller,  draws  attention  to  the  long  latent  period  and 
sustained  character  of  the  response.  The  photo-electric  changes  are  all  nionopliasic 
effects,  whether  produced  by  illumination,  or  by  shutting  olT  the  light  Gotch 
suggests  there  are  two  ehemiail  substances  in  the  retina,  one  of  which  reacts  to  light, 
the  other  to  darkness.  Each  reaction  is  a  change  of  the  same  type,  but  for  the  dmnge 
to  occur  markedly,  the  eye  must  be  previously  adapted,  t,r. ,  the  substances  must 
undei^  a  ph^ise  of  metabolism  under  conditions  opjjosite  to  those  which  evoke  the 
reaction  effects.  Observations  with  red  and  green  light  do  not  support  the  view 
that  the  photo-chemical  changes  are  of  opposik'  characters,  for  the  photo-electric 
change  is  always  in  the  same  direction,  differijig  only  in  period  of  latency,  that  for 
red  being  the  longer. 


MOTEITENTS  OF  THE  EYEBALL 

Protrusion  of  the  eyeballs  occurs  (1)  when  the  blood- veasels  of 
the  orbit  are  congested ;  (2)  when  contraction  of  the  plain  muscular 
fibres  of  the  capsule  of  Tenon  takes  place ;  these  are  innervated  by 
the  cervical  sympathetic  nerve;  and  (3)  in  the  disease  oalled 
exophthalmic  goitre. 

Mitraction  occurs  (1)  when  the  lids  are  cloaed  forcibly;  (2) 
when  the  blood-vessels  of  the  orbit  are  comparatively  empty; 
(3)  when  the  fat  in  the  orbit  is  reduced  in  quantity,  as  dunng 
starvation ;  and  (4)  on  section  or  paralysis  of  the  cervical  sympa- 
thetic nerves. 

The  moat  important  raovementa^  however,  are  those  produced  by 
the  six  ocular  muscles. 

The  internal  rectus  turns  the  eyeball  inwards,  the  external  rectus 
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turns  it  outwards.  If  the  superior  rectus  acted  alone,  it  would  turn 
the  eyeball  not  only  upwards,  but  owing  to  the  sloping  direction  of 
the  muscle,  the  eyeball  would  be  turned  inwards  also ;  in  turning 
the  eyeball  directly  upwards,  this  inward  movement  is  arrested  by 
the  outward  tendency  of  the  inferior  oblique.  Similarly,  in  turning 
the  eyeball  directly  downwards,  the  inferior  rectus  acts  in  conjunc- 
tion with  the  superior  obhque.  Movements  in  intermediate  direotdons 
are  produced  by  other  combinations  of  the  musclea. 

These  muscles  are  all  supplied  by  the  third  nerve  except  the 
superior  oblique,  which  is  aupphed  by  the  fourth  and  the  external 
rectus  by  the  sixth  nerve. 

The  muscles  of  the  two  eyes  act  simultaneously,  so  that  images 
of  the  objects  looked  at  may  fall  on  corresponding  points  of  the 
two  retinae.  The  inner  side  of  one  retina  corresponds  to  the 
outer  aide  of  the  other,  so  that  any  movement  of  one  eye  inwards 
must  be  accompanied  by  a  movement  of  the  other  eye  outward& 
If  one  eyeball  is  forcibly  fixed  by  pressing  the  finger  against  it  bo 
that  it  cannot  follow  the  movement  of  the  other,  the  result  is 
double  vision  {diplopia\  because  the  image  of  the  objects  looked  at 
will  fall  on  points  of  the  two  retinec  which  do  not  correspond.  The 
same  ia  experienced  in  a  squint*  until  the  subject  learns  to  disregard 
the  image  from  one  eye. 

If  the  external  rectus  is  paralysed,  the  eye  will  squint  inwards ; 
if  this  occurs  in  the  right  eye  the  false  image  will  lie  on  the  left  side 
of  the  yellow  spot,  and  appear  in  the  field  of  vision  to  the  right  of 
the  true  image.  If  the  third  nerve  is  paralysed,  the  case  is  a  mom 
complicated  one:  owing  to  the  paralysis  of  the  levator  palpebwe 
superioris,  the  patient  will  be  unable  to  raise  his  upper  lid  (jptms), 
and  so  in  order  to  see  will  walk  with  his  chin  in  the  air.  If  the 
paralysis  is  on  the  right  side,  the  eyeball  will  squint  downwards  and 
to  the  right ;  the  false  image  will  be  formed  below  and  to  the  right 
of  the  yellow  spot,  and  the  apparent  image  in  the  field  of  vision  will 
consequently  appear  above  and  to  the  left  of  the  true  image,  and 
owing  to  the  squint  being  an  oblique  one^  the  false  image  will  slant 
in  a  corresponding  direction. 


Various  Positions  of  the  Eyeballs. 

Ail  the  movements  of  the  eyeball  take  place  aroimd  the  point  qf 
ratation,  which  is  situated  1"77  mm.  behind  the  centre  of  the  visual 
axis,  or  10^9  mm.  behind  the  front  of  the  cornea. 

The  three  axes  around  which  the  movements  occur  are ; — 

1.  The  visiial  or  antero-posterior  axis.    (A  P;  fig,  595). 

2.  The  iraTtsvirse  axis,  which  connects  the  pointB  of  rotation  of 
the  two  eyea    (Tr,  fig.  595), 
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3.  The  vertioal  axifl,  which  passea  at  right  angles  to  the  other 
two  axes  through  their  point  of  intersection. 

The  line  which  connects  the  fixed  point  in  the  outer  world  at 
which  the  eye  is  looking  to  the  point  of  rotation  is  called  the  visual 


Flo^  A0&, — Dtignm  of  th^  a.\*'-^  i>f  rutaLJun  tu  tba  *tyn.     TbA  thin  liui^  inrHcate  «Xfl«  of  rotAtlun^  tbs 
Lhicln  lJLl^  pCMilUuii  of  muscul&r  aU^chmuDt^ 

line.  The  plane  which  passes  through  the  two  visual  lines  is  called 
the  visual  plajie. 

The  varione  positions  of  the  eyeballs  are  designated  primary, 
secondary,  and  tertiary* 

The  j^Ttmary  position  occurs  when  both  eyes  are  parallel^  the 
visual  lines  being  horizontal  (as  in  looking  at  the  hori2on), 

Seetmdary  positions  are  of  two  kinds: — 

(1)  The  visual  lines  are  parallel,  but  directed  either  upwards  or 
downwards  from  the  horizontal  (as  in  looking  at  the  sky), 

(2)  The  visual  lines  are  horiiioiital,  but  converge  towards  one 
another  (as  in  looking  at  a  small  object  near  to  and  on  the  aame 
level  as  the  eyes). 

Tertiary  positions  are  those  in  which  the  visual  lines  are  not 
horizontal,  and  converge  towards  one  another  (aa  in  looking  at  the 
tip  of  the  nose). 

It  is  possible  to  conceive  positions  of  the  eyeballs  in  which  the 
visual  lines  diverge  from  one  another;  but  such  positions  do  not 
occur  in  normal  vision  in  man. 

Both  eyes  are    moved    simidtaneou&ly,  even   if    on©   of  them 
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happens  to  be  blind.  They  are  moved  so  that  the  object  m  the 
outer  world  is  focussed  on  the  two  yellow  spots,  or  other  corre- 
sponding points  of  the  two  retinae.  The  images  which  do  not  fall 
on  corresponding  points  are  seen  double,  but  these  are  to  a  great 
extent  disregraded  bj  the  brain,  which  pays  particular  attention  to 
those  images  which  fall  on  corresponding  points. 

The  accompanying  diagrams  will  assist  us  in  understanding 
what  is  meant  by  correspoTiding  or  idmiical  points  of  the  two 
retime. 

If  R  and  L  (fig,  596)  represent  the  right  and  left  retincB 
respectively,  0  and  0'  the  two  yellow  spots  are  identical ;  so  are  A 


Ku..  &m Ideutlcal  poluU  of  the  r«Uiie. 

and  A',  both  being  the  same  distance  above  0  and  0',  But  the 
corresponding  point  to  B  on  the  inner  side  of  0  in  the  right  retina^ 
is  B'j  a  point  to  the  same  distance  on  the  outer  side  of  0'  in  the  left 
retina ;  similarly  C  and  C  are  identical  The  two  blind  spots  X  and 
X'  are  not  identical. 

Pig.  597  shows  the  same  thing  in  rather  a  different  way;  A  and 
B  represent  horizontal  sections  through  the  two  retinae;  the  points 

a  a',  b  b',  and  c  c',  being  identical* 
In  the  lower  part  of  the  diagram  is 
shown  the  wa^  in  which  the  brain 
combines  the  images  in  the  two  retina, 
■\  \  ^  /L  ^^^  overlapping  so  as  to  ooincide  with 

^^^      .^^  The  HoropUr  is  the  name  given  to 

the  surface  in  the  outer  world  which 
contains  aU  the  points  which  fait  on 
the  identical  points  of  the  retinia 
The  shape  of  the  horopter  will  vary  with  the  position  of  the  eye* 
balls.  In  the  primary  position,  and  in  the  first  variety  of  the 
secondary  position,  the  visual  lines  are  parallel ;  hence  the  horopter 
will  be  a  plane  at  an  infinite  distance. 

In  the  other  variety  of  the  aecondary  position,  and  in  tertiary 
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Fw,  &»8.— Tbft  Horopter,  whon  the 
9jm  »?e  coaverjfont* 


positions  in  which  the  visual  lines  converge,  as  when  looking  at  a 

near  object,  the  horopter  is  a  circle  (fig,  598)  which  passes  through  the 

nodal  points  of  the  two  eyea.  and  through 

the  fixed  point  (I)  in  the  outer  world  at 

which  the  eyes  are  looking,  and  which 

will  consequently  fall  on  the  two  yellow 

spots  (0  and  0').    All  other  points  in 

this  circle  (II,  III)  will  fall  on  identical 

points  of  the  retinse.     The  image  of  II 

will  fall  on  A  and  A' ;  of  III  on  B  and  B' ; 

it  is  a  simple  mathematical  problem  to 

prove  that  0A  =  0'A;  and  OB  =  0^3'. 

In  those  animals  in  which  the  eyes 
are  lateral  in  position,  and  the  visual 
lines  diverge,  the  problem  of  binocular 
vision  is  a  very  different  one  (see  also 
p,  727). 

Nervous  Paths  In  the  Optic  Nerves. 

The  correspondence  of  the  two  retinie  and  of  the  movements  of 
the  eyeballs  is  produced  by  a  close  <!onnection  of  the  nervous  centres 
controlling  these  phenomena,  and  by  the  arrangement  of  the  nerve- 
fibres  in  the  optic  nerves.  The  crossing  of  the  nerve-fibres  at  the 
optic  chiasma  is  incomplete,  and  the  next  diagram  (fig.  599) 
gives  a  simple  idea  of  the  way  the  fibres  go. 

It  will  be  seen  that  it  is  only  the  fibres  from  the  inner  portions 
of  the  retinss  that  cross;  and  that  those 
repreBented  by  continuous  lines  from  the 
right  side  of  the  two  retinas  ultimately  reach 
the  right  hemisphere,  and  those  represented 
by  interrupted  fines  from  the  left  side  of  the 
two  retinse  ultimately  reach  the  left  hemi* 
sphere.  The  two  halves  of  the  retinEe  are 
not,  however,  separated  by  a  hard-and-faat 
line  from  one  another;  this  is  represented 
by  the  two  halves  being  depicted  as  slightly 
overlapping,  and  this  comes  to  the  same 
thing  as  saying  that  the  central  region  of 
each  retina  is  represented  in  each  hemisphere* 
The  part  of  the  hemisphere  concerned  in 
vision  is  the  occipital  lobe,  and  the  reader 
should  turn  back  to  our  previous  consideration  of  this  subject  in 
connection  with  cen  bral  localisation,  the  phenomena  of  hemian- 
opsia (p.  703)  and  tiie  conjugate  deviation  of  head  and  eyes 
(pp.  703,  717). 
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Fig.  600,  though  diagrammatic,  will  assist  the  reader  in  more 
fully  Qomprehending  the  pathB  of  visual  imptilses,  and  .the  central 
connections  of  the  nerves  and  nerve-centres  concerned;!!!  the'process- 
The  fibres  from  the  retina  to  the  external  geniculate  body  end 
there  by  arborieing  around  its  cells,  and  a  fresh  relay  of  fibres  from 


tiitiA  L*  ttoHt^ru* 
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these  colls  passes  in  the  posterior  part  of  the  internal  capsule  to  the 
cortex  of  the  occipital  lobe.  Those  to  the  anterior  corpus  quadrige- 
minum  are  continued  on  by  a  fresh  relay  to  the  nuclei  of  the  nerres 
concerned  in  eye-movements  (represented  by  the  oculo-motor  nucleus 
in  the  diagram) ;  the  axons  of  the  cortical  cells  pass  to  the  tegmentum, 
whence  a  fresh  relay  continues  the  impulse  to  the  oculo-motor 
nucleus, 

Sherring-taQ^'s  obser rations  on  binocular  Hicker  have  shown  that  there  &re 
diffic-ultles  m  acceptitig  fig.  600  as  a  complete  anatomical  basis  for  the  paychologic&l 
processes  involved  in  binocular  vmlon*  although  it  is  probably  corr^t  iso  faros  the 
motor  mechanisms  Inyolred  are  i!onceroed. 


Visual  Judgments. 

The  psychical  or  mental  proceeses  which  constitute  the  visual 
sensation  proper  have  been  studied  to  a  far  greater  degree  than  is 
possible  in  connection  with  other  forms  of  sensation. 
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We  have  already  seen  that  in  spite  of  the  reversion  of  tha  image 

in  the  retina,  the  mind  sees  objects  in  their  proper  position;  this 

i»  explained  on  p.  792. 

We  are  also  not  conscious  of  the  blind  spot.  This  is  partly  due 
to  the  fact  that  those  images  which  fall  on  the  blind  spot  of  one  eye 
are  not  focussed  there  in  the  other  eye.  But  even  when  one  looks 
at  objects  with  one  ©ye,  there  is  no  blank,  for  the  reason  explained 
on  p.  802. 

Our  mtimaiB  of  ths  size  of  various  objects  is  based  partly  on  the 
visual  angle  (p*  791)  under  which  they  are  seen,  but  much  more  on  the 
estimate  we  form  of  their  distance.  Thus  a  lofty  mountain  many 
juiles  off  may  be  seen  under  the  same  visual  angle  as  a  small  hill 
near  at  hand,  but  we  infer  that  the  former  is  much  the  larger 
object  because  we  know  it  is  much  farther  off  than  the  hill.  Our 
estimate  of  distance  is  often  erroneous,  and  consequently  the 
estimate  of  size  also.  Thus  persons  seen  walking  on  the  top  of 
a  small  hill  against  a  clear  twOight  sky  appear  unusually  large, 
because  we  over-estimate  their  distance,  and  for  similar  reasons 
most  objects  in  a  fog  appear  immensely  magnified.  The  same  mental 
process  gives  rise  to  the  idea  of  depth  in  the  field  of  vision ;  this 
idea  is  fixed  in  our  mind  principally  by  the  circumstance  that,  as 
we  ourselves  move  forwards,  different  images  in  succession  become 
depicted  on  our  retina,  so  that  we  seem  to  pass  between  these  images, 
which  to  the  mind  is  the  same  thing  as  passing  between  the  objects 
themselves. 

The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  touch.  The 
objects  of  the  latter  sense  are  immediately  present  to  it ;  and 
our  own  body,  with  which  they  come  in  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as  large 
as  the  part  of  the  hand  receiving  an  impression  from  it,  for  the  part 
of  our  body  in  which  a  sensation  is  excited,  is  here  the  measure  by 
which  we  judge  of  the  magnitude  of  the  object.  In  the  sense  of 
vision,  on  the  contrary,  the  images  of  objects  are  mere  fractions  of 
the  objects  themselves,  realised  upon  the  retina,  the  extent  of  which 
remains  constantly  the  same.  But  the  imagination,  which  analyses 
the  eensations  of  vision,  invests  the  images  of  objects,  together  with 
the  whole  field  of  vision  in  the  retina,  with  very  varying  diraensions ; 
the  relative  size  of  the  image  in  proportion  to  the  whole  field  of 
vision,  or  of  the  affected  parts  of  the  retina  to  the  whole  retina, 
alone  remains  unaltered. 

The  estiinati&n  of  the  form  of  bodies  by  sight  is  the  result  partly 
of  the  mere  sensation,  and  partly  of  the  association  of  ideas.  Since 
the  form  of  the  images  perceived  by  the  retina  depends  wholly  on 
the  outline  of  the  part  of  the  retina  affected^  the  sensation  alone  ia 
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adequate  to  the  dlBtinction  of  superficml  forms  from  each  otberp  as 
of  a  square  from  a  circle.  But  the  idea  of  a  solid  body  like  a  sphere, 
or  a  cube,  can  only  be  attained  by  the  action  of  the  mind  conatruct- 
ii3g  it  from  the  different  superficial  images  seen  in  different  positions 
of  the  eye  with  regard  to  the  object,  and,  as  shown  by  Wheatstoue 
and  illustrated  in  the  sUrecscape,  from  two  different  perspective  pro- 
jections of  the  object  being  presented  aimnltaneously  to  the  mind  by 
the  two  eyes. 

Thus,  if  a  cube  ia  held  at  a  moderate  distance  before  the  eyes, 
and  viewed  with  each  eye  successively  while  the  head  is  kept 
perfectly  steady,  A  (%  601)  will  be  the  picture  presented  to  the 
right  eye,  and  b  that  seen  by  the  left  eye,  Wheatstone  hsw  shown 
that  on  this  circumstance  depends  in  a  great  measure  our  convietioo 
of  the  solidity  of  an  object,  or  of  its  projection  in  relief.     If  different 
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perspective  drawings  of  a  solid  body,  one  representing  the  image 
seen  by  the  right  eye,  the  other  that  seen  by  the  left  (for  example, 
the  drawing  of  a  cube,  A,  B,  fig.  601)  be  presented  to  corresponding 
parts  of  the  two  retince,  as  may  be  readily  done  by  means  of  the 
stereoscope,  the  mind  will  perceive  not  merely  a  single  representa- 
tion of  the  object,  but  a  body  projecting  in  relief,  the  exact  counter- 
part of  that  from  which  the  drawings  were  made. 

By  transposing  two  stereoscopic  pictures  a  reverse  effect  is  pro- 
duced; the  elevated  parts  appear  to  be  depressed,  and  vice  v§r$d. 
An  inatrnment  contrived  with  this  purpose  is  termed  di  pseudosc^e. 
Viewed  with  this  instrument  a  bust  appears  as  a  hollow  mask,  and 
as  may  readily  be  imagined  the  effect  is  most  bewildering. 

The  clearness  with  which  the  details  of  an  object  is  perceived 
irrespective  of  accommodation,  would  appear  to  depend  largely  on 
the  number  of  rods  and  cones  which  its  retinal  image  covers.  Hence 
the  nearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
clearly  are  all  its  details  seen.  Further,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  Btraight  to  it,  so  that 
its  image  shall  fall  on  the  two  yellow  spots,  where  an  image  of  a 
given  area  will  cover  a  larger  number  of  cones  than  anjrwhere  else 
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in  the  retina.    Moreover,  as  previoualy  pointed  out,  each  tone  in  the 
macula  lutea  ia  connected  to  a  separate  chain  of  neurons. 

The  importance  of  binocular  vision  is  very  great.  If  an  object  is 
looked  at  with  one  eye  only,  it  is  impossible  to  estimate  its  distance 
by  the  sense  of  vision  alone.  For  instance,  if  one  eye  is  closed 
and   the  other  looks  at  a   wire   or  bar,   it  is  impossible  to  tell 

ABC 


Fill,  602«— Biigruoa  to  tlluHtmttt  vIauaI  lUtuilQai, 

whether,  if  some  one  drops  a  small  object,  it  falls  in  front  of  or 
behind  the  bar. 

Visual  judgments  are  not  always  correct;  there  are  a  large 
number  of  puzzles  and  toys  which  depend  on  visual  illusions.  One 
or  two  of  the  best  known  are  represented  in  the  accompanying 
diagrams. 

In  fig.  602,  A,  B,  and  c  are  of  the  same  size ;  but  a  looks  taller 
than  B,  while  c  appears  to  cover  a  less  area  than  either.    The  sub- 


Flo.  <I08.— Funllel  puz^. 


division  of  a  space  or  line  increases  its  apparent  size  or  length. 
In  fig.  602  D,  ah  is  equal  to  be.  Vertical  distances  also  are  usually 
over-estimated.  In  fig.  603,  the  horizontal  lines  are  parallel,  thongh 
they  do  not  appear  so,  owing  to  the  mind  being  distracted  by  the 
intercrossing  lines. 
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Nerves  exerciae  a  trophic  or  tiutritive  influence  over  the  tisBues  and 
organs  they  supply.  Some  nerves  increase  the  building-up  stage  of 
metaboliam ;  these  are  termed  anabolic.  Such  a  nerve  is  the  vagus 
in  reference  to  the  heart;  when  it  is  stijnulated  the  heart  b^ts 
more  slowly  or  may  stop,  and  is  thus  enabled  to  rest  and  repair  its 
waste.  The  opposite  kind  of  nerves  (katabolie)  are  those  which  lead 
to  increase  of  work,  and  so  increased  wear  and  tear  and  formation  of 
waste  products.  Such  a  nerve  in  reference  to  the  heart  is  the 
sympathetic. 

There  has  been  eousiderable  diversity  of  opinion  as  to  whether 
trophic  nerve-fibres  are  a  distinct  anatomical  set  of  nerve-fibres,  or 
whether  all  nerves  in  addition  to  their  other  functions  exercise  a 
trophic  influence. 

When  a  nerve  going  to  an  organ  is  cut,  the  wastinc  of  the  ner\'e 
itself  beyond  the  cut  constitutes  what  we  have  learnt  to  call 
Wallorian  degeneration,  but  the  wasthig  process  continues  beyond 
the  nerve;  the  muscles  it  supplies  waste  also,  and  waste  much  more 
rapidly  than  can  be  explained  by  simple  disuse.  The  same  is  seen 
in  the  testicle  after  section  of  the  spermatic  cord ;  and  in  the  diseage 
of  joints  called  Charcot's  disease,  the  trophic  changes  are  to  be 
explained  by  disease  of  the  nerves  supplying  them* 

From  these,  and  numerous  other  ijQstanees  that  might  be  given, 
there  is  no  question  that  nerves  do  exert  a  trophic  influenoe; 
the  question,  however,  whether  this  is  due  to  special  nerve-fibres 
has  been  chiefly  worked  out  in  connection  with  the  fifth  cranial 
nerve. 

After  the  division  of  this  nerve  there  is  loss  of  sensation  in  the 
corresponding  side  of  the  face:  the  cornea  in  two  or  three  days 
begins  to  get  opaque,  and  this  is  followed  by  a  alow  inflammatory 
process  which  may  lead  to  a  destruction  not  only  of  the  corner,  but 
of  the  whole  eyeball.  The  same  is  seen  in  man ;  when  the  fifth  nerve 
is  diseased   or  pressed  upon   bv  a   tumour  beyond  the  Gasserian 
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ganglion,  the  result  is  loss  of  Hensstion  in  the  face  and  conjunctiva^ 
an  eruption  (hmy&s)  appears  oq  the  face,  and  ulceration  of  the 
cornea  leading  in  time  to  disintegration  of  the  eyeball  may  occur  too. 
In  disease  such  as  haemorrhage  in  the  spinal  ganglia  there  is  a  similar 
herpetic  eruption  on  the  skin  (shingleB), 

In  the  case  of  the  fifth  nerve  the  evidence  that  there  are  special 
nerve-fibres  to  which  these  trophic  changes  are  due,  is  an  experiment 
by  Meiasner  and  Biittner,  who  found  that  division  of  the  most 
internal  fibres  is  most  potent  in  producing  them. 

Those,  however,  who  do  not  believe  in  special  trophic  nerves, 
attribute  the  changes  in  the  eyeball  to  its  loss  of  sensation.  Dust, 
etc.,  is  not  felt  by  the  cornea,  and  is  therefore  allowed  to  accumulate 
and  set  up  inflammation.  This  is  supported  by  the  fact  that  if  the 
eyeball  is  protected  by  sewing  the  eyelids  together  the  trophic  results 
do  not  ensue.  On  the  other  hand,  in  paralysis  of  the  seventh  nerve, 
the  eyeball  is  much  more  eiposedj  and  yet  no  trophic  disorders 
follow. 

Others  have  attributed  the  change  to  increased  vasouJarity  due 
to  disordered  vaso-motor  changes ;  against  this  is  the  fact  that  in 
disease  of  the  cervical  sympathetic,  the  disordered  vaso-motor 
phenomena  which  ensue  do  not  lead  to  the  disorders  of  nutrition  we 
have  described.  Nevertheless  in  trophic  disorders^  it  is  very  difficult 
to  be  sure  that  the  disordered  metabolism  is  not  in  part  due  to 
vascular  disturbances. 

There  can,  therefore,  bo  but  little  doubt  that  we  have  to  deal 
with  the  trophic  influence  of  nerves ;  *  but  the  dust,  etc,  which  falls 
on  the  cornea  must  be  regarded  as  the  exciting  cause  of  the  ulceration. 
The  division  or  disease  of  the  nerve  acts  as  the  predisposing  cause. 
The  eyeball  is  more  than  usually  prone  to  undergo  inflammatory 
changes^  with  very  small  provocation. 

The  same  explanation  holds  in  the  case  of  the  influence  of  the 
vagi  on  the  lungs.  If  both  these  nerves  are  divided,  the  animal 
usually  dies  within  a  week  or  a  fortnight  from  a  form  of  pneumonia 
called  vagiLS  p7i£umonia,  in  which  gangrene  of  the  lung  substance  is 
a  marked  characteristic.  Here  the  predisposing  cause  is  the  division 
of  the  trophic  fibres  in  the  pneumogastric  nervetj ;  the  exciting  cause 
is  the  entrance  of  particles  of  food  into  the  air  passages,  which  on 
account  of  the  loss  of  sensation  in  the  larynx  and  neigh  bo  urijig  parts 
are  not  coughed  up.  Another  trophic  disturbance  that  follows 
division  of  the  vagi  is  fatty  degeneration  of  the  heart. 

Many  bedsores  are  due  to  prolonged  confinement  in  bed  with 
bad  nursing ;  these  are  of  alow  onset.  But  there  is  one  class  of  bed- 
sores which  ate  acute;   these  are  especially  met  with  in  cases  of 

*  The  proof,  however,  thai  there  are  distinct  nerve-fibres  anatomically  is  not 
very  conclusive. 
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paraljBis,  due  to  disease  of  the  spinal  cord ;  they  come  on  in  three  or 

four  days  after  the  onset  of  the  paralysis  in  spite  of  the  most  careful 
attention ;  they  cannot  be  explained  by  vaao-iuotor  disturbance,  nor 
by  loss  of  sensation ;  there  is,  in  fact,  no  doubt  they  are  of  trophic 
origin ;  the  nutrition  of  the  skin  is  so  greatly  impaired  that  the  mere 
contact  of  it  with  the  bed  for  a  few  days  is  sufficient  to  act  as  the 
exciting  cause  of  the  sore. 

It  will  be  noticed  that  in  some  instances  of  trophic  disorder  the  nerves  which  are 
injured  arc  efTercnt ;  the  musciUrir  w&stuig  U;at  occurs  when  a  muscular  nrrve  is  cut 
is  the  best  rimrked  ^^tample  of  this.  In  nefve  itself  WaUeritin  degeneration  follows 
the  direction  of  growth,  which,  as  a  rule,  is  the  direction  in  which  tne  nt  rve  transmits 
impulses^  The  acute  Wallerian  rhange  does  not  actually  leap  synapses,  still  the 
trophic  induence  of  one  set  of  neurons  upon  a  second  set  among  which  the  axons  of 
the  first  set  terminate  is  shown  by  a  slow  wasting  process,  of  which  chromatolysis 
la  an  early  visible  sign.  In  the  peHpheral  axons  of  the  cells  of  the  spinal  and 
ccnTesponding  crani/d  ganglia,  the  trophic  disorder  follows  a  peripheral  diiiection, 
while  impulses  tire  carried  in  the  opposite  or  afferent  direction.  iTie  trophic  infiuence 
here  travels  against  the  stream  of  impulse.  It  rannot  fail  to  be  a  striking  fact  that 
the  most  marked  trophic  disorders  «ith  which  we  arc  a^'ijuainted*  herpes,  acute 
bedsores,  Charcot's  disease,  eye  changes  after  division  or  injury  to  the  fifth  nerve* 
vagus  pneumonia,  etc.,  are  due  to  interferince  with  seiisoiy  i-haanels.  Loss  at 
sensation  is  the  great  predisposing  cau^e  of  nutritive  mischief 
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Male  Organs 

The  teBtifi  is  eiicloaed  ui  a  serous  membrane  called  the  tunim 

^J^(l^nali8,  originally  a  part  of  the  peritoneum,  wliich  deaceiida  into  the 
*if5Potura  before  the  testis  and   subsequently  gets  entirely  cut  off 

from  the  remainder  of  the  peritoneum.    There  are,  however,  many 

animals  in  which  the  testes  remain  permanently  in  the  abdomen. 

The  external  covering  of  the  testicle  itself  is  a  strong  ilbroufl  capsule, 

called^  on  account  of  its  white  appearance,  the  tunica  albuginm. 

Passing  from  its  inner  surface  are  a  number  of  septa  or  trabeculie, 

which  divide  the  organ  imperfectly  into  lobules.     On  the  posterior 

aspect  of  the  organ  the  capsule  is  greatly  thickened,  and  forms  a  mass 

of  fibrous  tissue  called  the 

Corpus  Highmorianuin  (body 

of  Highmore)  or  mediasHnum 

tsstis.     Attached  to  this  is  a 

much  convoluted  tube,  which 

forms  a  mass  called  tJie  ipi- 

didymis.    This   receives  the 

ducts   of   the  testis,  and   is 

prolonged  into  a  thick  walled 

tube,    the    va«  deferetiSj    by 

which  the  semen  passes   to 

the  urethra. 

Each  lobule  of  the  testicle 

contains    several    convoluted 

tubes.  Every  tube  commences 

near  the  tunica  albuginea,  and 

terminates  after  joining  with 

others   in  a  straight  tuimie, 

which  passes  into  the  body 

of  Higtiniore,  where  it  ends 

in  a  network  of  tubes,  the  rete 

testis.     From  the  rete  about 

hfteeu   efferent  ducts  {vasa 

efferentia)  arise,  which  become 

convoluted  to  form  the  ami 

vmctt/osit  and  then  pass  into 

the  tube  of  the  epididymis. 

The  canvohUed  or  semi- 
niferous tubes  (tig.  607)  have  the  following  structure:  each  consists 

of  (1)  an  outer  U>undary  of  flattened  connective  tissue  cells  inter- 
mingled  with  elastic  fibres;  (2)  a  fine  membrana  propria;  (3)  a 

lining  epithelium  of  many  layers  of  germLnal  cells.     Next  to  the 

membrana  propria  is  a  layer  of  cells,  some  of  which  are  prim- 


Fiii,  dOe.-^DiMection  of  Elw!  bMeOf  tli«  blt4tler  And  pio- 
atmte  gluid,  Khawliig  tku  vtiHleula:  bi«iiiiti&lfHi  atid 
v&ta  defereDtla.  &,  Lower  lurfat-iA  of  the  blniJder  it 
tbfi  plAc«  of  rellexlDin  of  tbe  (j^frttoneuni  l  b,  tbo  pari 
bbovQ  cavf^rfHl  by  the  perftxm'raED ;  i,  l^ttxoA  AiOatmiA, 
en.diti\^  in  €,  tba  ^iuculKbozy  duot^  tfafi  vu  diftrdaA 
hsu  \iimu  divideii  near  i,  Riid  nil  dKc^pt  tih^  TBileAl 

iiAii^  joining  the  ^amv  dui't;  *  i,  the  li^bt  vsJi  da- 
feruUK  Atid  rt!;iht  vp.i»lrul,t  Betnlnalitj  wlil^^b  \i^  Ixwt 
unnivnllOLl ;  p.  under  sidf  of  the  prgstite  glfebd ; 
TJi,  part  uf  tlin  uif'tbra  ;  u  v,  the  Cire^ti^li^  (cut  «liOft>p 
tha  ri^ht  oue  tumad  nsLdB.    (Holla^^) 
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ordial  germinal  cells,  others  are  sperTna^of^mia  produced  from  the 
primordial  germinal  cells,  but  differing  from  them  in  stinicture,  and 
the  remainder  are  supporting  or  nurse  cell^  which  provide  uutri- 
ment  for  the  developing  spermatozoa.     More  internally^  between  the 
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If, — ni«gmm  gr*  portion  of*  ncDiinKl  lubalo  showing  developmf^nt  of  ipernuiioztia.  1|  rrtml' 
I  gWTRi  o«Il ;  2,  flpammto^Dla ;  S,  iipemMitocjato  of  the  firat  order ;  4.  (ij»nn*toef  at*  of  tbo  Kcsond 
Ofdnr  I  &,  flperm^tldn,  ^oui4  with  commffaoement  of  ixTLia.\  fllaniQat ;  G*  i  nurte  cftll  with  flpenoAtlda 
And  tperrmMtoioi  In  vmrlona  ata^^eR  of  development ;  7*  Arte  tp«(rmkt03ED«  tn  lumim  Qf  In  ni ;  S*  i>dt- 
tlonit  of  nnne  c«11n*    (After  WHiilejmrO 

projecting  processes  of  the  nurse  cellSi  are  large  i^ermdiocysis  of  the 
first  order,  derived  froni  the  spermatogonia  by  karjokinesis  and 
growth.  Still  nearer  the  lumen  of  the  tube  lie  the  spermatocjstB 
of  the  second  order,  which  are  the  daughter-cells.  of  the  spermato- 


F(0.  0OS.— A  apqnn«thi  Imrgnlj 

iinebglna ;  s,  chrDinktoM 
bodx ;  It  tdfcnume ;  ^^  cantrO' 
Pdtnes  ;  6,  commencement  of 
ulftllJlftinen^.  (Aftflr  MnveaJ 


the  t«itl«  with  cr>nital< 
loM  bodlw. 


cysts  of  the  first  order,  and  the  flpermatocysts  of  the  second  order 
give  rise  by  division  to  the  ^^rmcUids  which  lie  next  the  lumen. 
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The  spermatids  become  embedded  in  the  inner  ends  of  the  nurse 
cells,  where  they  lege  their  distinct  cellular  characters  and  become 
converted  into  spermatozoa*  Every  spermatid  consists  of  a  cell  body 
and  a  nucleus  with  a  nucleolus.  In  the  cell  body  near  the  nucleus 
Ib  another  structure  called  an  idiosome,  containing  a  number  of 
microsomes.  There  are  also  a  coloured  or  chromatoid  body  whose 
function  is  not  known,  and  two  centrosomes  (see  fig.  608). 

The  interstitial  connective  tissue  of  the  testis  is  loose,  and  con- 
tains numerous  lymphatic  clefts.  Lying  in  it,  accompanying  the  blood- 
vessels,  are  strands  of  polyhedral  epithelial  cells,  of  a  yellowish  colour 
{inierBiitial  cdh),  which  frequently  contain  crystalloid  bodies  (fig,  609), 
The  Btraiffht  tvimJes  consist  of  basement  membrane  and  lining 
cubical  epithelium  only.  The  tubuUs  of  the  rete  testis  are  lined  by 
oubical  epithelium;  the  basement  membrane  is  absent  The  vdsa 
effermtia,  coni  vasculosis  and  ^^ndidymi^  are  lined  by  columnar  cells, 
some  of  which  are  ciliated,  whilst  others  are  devoid  of  eiHa,  and  prob- 
ably possess  secretory  functions*  There  is  a  good  deal  of  muscular 
tissue  in  their  walls*  The  tscLS  deferens  consists  of  a  musoular  wall 
(outer  layer  longitudinal,  middle  circular,  inner  longitudinal),  Uned 
by  a  mucous  membrane,  the  inner  surface  of  which  is  covered  by 
columnar  epithelium. 

The  vesutUm  S6mdnalis{hg.  606)  are  outgrowths  of  the  vasa  deferentia. 
Each  is  a  much  convoluted,  branched,  and  sacculated  tube  of  stTUCture 

similar  to  that  of  the  vas  deferens, 
except  that  the  wall  is  thinner,  and 
the  lining  epithelium  is  often  of 
transitional  character. 

The  penis  is  composed  of  cavemoua 
tissue  covered  by  skin.  The  caver- 
nous tissue  is  collected  into  three 
tracts,  the  two  corpora  cavernosa  and 
the  corp^is  ^Hmgiosum  in  the  middle 
line  inferiorly.  All  these  are  en- 
closed in  a  capsule  of  fibrous  and  plain 
muscular  tissue;  the  septa  which 
are  continued  in  from  this  capsule, 
form  the  boundaries  of  the  oavemous 
venous  spaces  of  the  tissue.  The 
arteries  run  in  the  septa ;  the  capil- 
laries open  into  the  venous  spaces. 
The  arteries  are  often  called  heiidm, 
as  in  injected  specimens  they  form  twisted  loops  projecting  into  the 
cavernous  spaces  (see  also  p.  313),  The  structure  of  the  urethra  and 
prostate  is  described  on  pp,  551-553. 

The  Spermatozoa,  suspended  in  a  richly  albuminous  fiiiid,  con- 
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MpllUries ;  ^t.  Beet  Ion  of  lUt  Tenons  nlmisos ; 
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etitute  the  eemen.  Each  spermatozoon  conaiats  of  a  head,  a  very 
short  Beck,  a  body,  a  tail,  and  an  end-piece.  The  head  is  of  flattened 
ovoid  shape,  and  in  the  anterior  t wo-tliirds  of  its  ext-ent  is  surmoimted 
by  a  head-cap  which,  sharpened  at  its  extremity,  forms  a  cutting 
edge.  The  neck  is  very  short,  but  contains  two  eentrosomes.  The 
body  is  about  the  same  length  as  the  head ;  it  is  traversed  by  an 
axial  filament  and  a  spiral  fibril  woimd  round  the  sheath  of  the 
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Fit}.  inU—n&tenil-iUagTinimntit  wpfMenUtion  of 
hutJiAn  nfHirmaiaxcM.  A,  Front  vj«w ;  B,  fl1d« 
vlftw.  1,  Htwd  ca{>  Runnandiiig  bea<] ;  2, 
neck  ;  8;,  bodj ;  4,  tall ;  fi,  mtd^iiivfcm.    Th« 

Ufl  Into  Uia  eitd'plfic«. 
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Kjo,  61S,— ni*gimiii  of 
]iftrt  of  L  bum  AH  iiwr- 
infttnzooT)  tiighL^  mM- 
ti|fl«d  (Hfter  Mflvoi), 
Ij  DMd  oAp;  2t  boBd; 
8t  imtArior  ceottOHiiiiA 
in  nick ;  4>  poiterlciT 
cetitm«imo  in  ii*cit ;  fij 
a^ial  niAinent:  A,  Rptrml 
stimth ;  7,  abeAth  of 
mJjU  fllBni«nt  In  body ; 
S,m  LtochDnd  rifti  JthMtii ; 
9,  monulus;  10,  iMck 
itb«&tb  of  t,xlbi  flbiineni 


filament.  More  externally  is  a  layer  of  punctiform  suhfltanae 
called  the  mitochondrial  sheath^  which  terminates  at  the  junctdoti 
with  the  tail  on  an  annular  disc.  The  axial  filament  is  continued 
through  the  tail  into  the  end -piece,  and  in  the  tail  is  sur- 
rounded by  thick  sheath.  In  some  animals,  newts  and  sala* 
manders,  the  taO  is  surrounded  by  a  spiral  membrane,  but  this 
is  not  present  in  the  human    spermatozoon.     The  head  of    the 
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spermatozoon  is  formed  from  the  nucleus  of  the  spermatid,  th© 
head*cap  from  the  idioBome;  the  centrosomes  of  the  spermatid 
pass  to  the  neck,  and  the  cytoplaam  of  the  spermatid  is  transformed 
into  the  parts  of  the  body  and  tail  of  the  spermatozoon. 

Female  Organs 

The  Ovary  is  composed  of  fibrous  tissue  (stroma)  containing, 
near  its  attachment  to  the  broad  ligament»  a  number  of  plain 
muscular  fibres.  It  is  covered  by  a  layer  of  cubical  ceUs,  called 
the  germinal  epithelium,  which,  in  young  animals,  is  seen  dipping 
down,  here  and  there,  into  the  stroma.  The  stroma  contains  a 
number  of  yellow  polyhedral  cells  similar  to  the  interstitial  cells 
of  the  testicle. 

Sections  of  the  ovary  show  that  the  stroma  is  crowded  with  a 
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FiQ*  6IS.— DimgranimaUc  view  uF  the  aterua  anol  lU  Apj^enrljigsa^  aa  s6t;ii  fnjtri  beMiMi.  ThO'  utrniii  And 
upper  port  of  thfl  vugiiu  IvK^e  bein  Uld  open  by  rnnovln^  the  poatertor  wall ;  tbe  FallapiAn  tab«, 
found  Itganieint,  ami  ararUn  ligament  bftve  been  cut  ahgrt,  and  lAv»  brmv)  Ugamenb  removeil  on  th« 
left  eld  q;  u^  tbe  upper  j>art  of  the  tj  tenia;  e,  tb«!  ccrvbi  oppofllte  tti«  oa  Ln^nmni ;  ibe  trliLufniUr 
Ahapfl  of  the  iiteriijo  c&vlty  ia  shown,  and  tbp  dUatation  of  tb©  cervical  c*vlLy  with  the  rugie.  i^^ruied 
arbor  vita* ;  v^  uppqr  part  of  tlie  vagina  ;  od,  FnUapian  tube  or  ortrluct ;  Lbe  dbitdw  conimunicntioti 
af  Lba  ciivlty  w[tb  ibat  <if  the  conin  of  the  utiinuou  tnch  iiile  Is  aoen  ■  I,  roatid  ligftiriflnt;  Iq,  ligii- 
173 ent  of  the  ovary;  o^  ovary;  i,  wide  outer  ps-rt  ^f  tbe  right  fallopian  tube;  A,  iti  llmbEiMksd 
extrftiJilty ;  po,  parovailnni ;  h,  one  of  the  hydatila  frh>qaently  foand  oonnaetod  wftb  the  bn»d  Uga- 
nient^    ^.    C-^Iael  Thomjion^} 

number  of  rounded  eells,  the  ooeyt^^  derived  from  primitive  germ 
cells,  which,  in  the  early  stages,  were  intermingled  with  the  cells  of 
the  germinal  epithelium*  There  are  also  numerous  vesicles  of  differ- 
ent sizes  which  are  called  Gnwfian  /olikies.  The  smallest  follicles 
are  near  the  surface,  the  largest  are  deeply  placed,  but  as  they  ex- 
pand they  again  approach  the  surface,  and  ultimately  rupture  upon  it 
A  Grraafian  follicle  has  an  external  wall  formed  by  the  stroma; 
this  is  lined  internally  by  a  layer  of  cells,  derived  from  the  germinal 
epithelium,  which  surrounds  the  oocyte.    At  a  later  stage  there  are 
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two  layers  of  cells,  one  Iming  the  cavity,  and  the  other  surrounding 
the  oocyte,  but  the  two  are  close  together.  A  viscid  fluid  collects 
between  the  two,  and  as  the  follicle  grows,  separates  them. 


c^^ 


o 


v"'  / ; jv 


f to,  ftH.— Viuw  of  K  sswllon  of  the  ovmry  of  the  cat,  1 ,  Out^r  coverhia  mid  free  border  of  the  ovjiry  :  \\ 
&tUched  border;  2»  tha  ovatijiii  atrgmmf  ptoMJitJiig  &  Ubltms  uiu  va»ciitar  ttnictun;  a,  granalAr 
iubstiinofiljffie  ext^'ifriiftl  to  Uio  Ubmua  alroEnn;  4,  btood-^esuftli ;  0,  ovIgi^rniB  in  thdf  flftrlloit  itigM 
QCfjqpyliig; »  part  cif  thft  granular  tayer  near  the  aurraee;  €,  oirigerm^  wLfch  bave  begub  toenlw^ 
And  to  puA  morrt  de«ej>]y  iikto  the  pvory  S  7,  Qviffontis  roiia^  which  tbo  G  mad  an  follicle  and  taat^ 
PEmnu.lDnH  KfQ  now  formed,  and  which  have  piis$«a  watnewhAt  deeper  into  the  ov&ry  and  are  Hiurrciund«d 
by  tha  Bbrotia  strumri;  H,  mcri^  ailTBnc{<d  GnioAAD  folUcle  with  the  ovum  imbeijciedlii  the  biyerof 
cells  conAtituUnR  the  prutigefOD4  dlA« :  P^  tbi?  moat  Advanced  tolUcle  coniftlDing  tbo  ornm,  et«.;  0  , 
A  follicle  from  which  the  ovum  hAA  4ooldeiitAl]y  escaped ;  10,  corpua  lutetiaj.    (Sohrda*) 

The  cells  in  each  layer  multiply,  and  are  eventually  arranged  in 
several  strata.     The  lining  epitheUuni  of  the  follicle  is  then  called 


,^tlon  of  the  ovAry  of  A  ta.%.  A,  germhml  fpltbcrliiim ;  U,  Imtnutiire  GntAflan  fbllleto;  C, 
_'  of  ovury ;  O,  iquji  TjcUtidtdi,  cuiitainiii^  the  ovum ;  f£,  GrAADan  follkle  ihowtng  ItnUig 
i  F,  fuUlclu  ^tii  which  th«  ovum  biA  tiiLlet]  oat.    (V.  IV  BiLrrlj.) 

the  memhrnTia  ^anvima,  and  the  heaped  mass  of  cells  around  the 
ovum,  the  di&c^m  prolig^rus.     The  fluid  increases  in  quantity,  the 
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follide  becomea  tenser,  and  finally  it  reaches  the  surface  of  the  organ 
and  bursts ;  the  ovum  is  thus  set  free,  and  is  seized  bj  the  fringed 
enda  of  the  Fallopian  tube  and  thence  passes  to  the  uterus.  The 
bursting  of  a  follicle  usually  occurs  about  the  time  of  menstruation. 
After  the  rupture  of  the  Graafian  follicle,  it  is  filled  up  with  what 
is  known  as  a  corptis  luteum.  This  is  derived  from  the  wall  of  the 
follicle,  and  consists  of  columns  of  yellow  cells  developed  from  the 
yellow  cells  of  the  membrana  granulosa  [  it  contains  a  blood-clot  in 
its  centre.  These  cells  multiply,  and  their  strands  get  folded  and 
converge  to  a  central  strand  of  connective  tissue;  between  the 
columns  there  are  septa  of  connective  tissue  with  blood-vessels.  The 
corpus  luteum  after  a  time  gradually  disappears;  but  if  pregnancy 
supervenes  it  becomea  larger  and  more  persistent  (see  fig,  616),     The 


■V*^ 


Fid.  636,''Ooipor>  Lut«&  of  dll^rent  periodi.  B,  Gofpua  Igtunin  of  about  thA  mitXh  wMk  After  imnfAg, 
DAtlon,  abottlDg  lU  plle&tod  form  at  thit  |>eiric]d.  1,  SabqiiyQcrQ  of  ih&  ovtry ;  S,  $ab<it«RD»  of  tba 
corona  lut«tiii] ;  S,  »  grayisb  GOftguIum  In  iU  cftvEty,  (Pateraon.)  A|  Oorpafl  luteum  two  day*  nflw 
[IvUveiy  I  Dt  In  the  twuirUi  wsek  After  delivef>%    (Mcmtgoiuery.) 

following  table  gives  the  chief  facta  in  the  life-history  of  the  ordinary 
corpus  luteum  of  menstruation,  compared  with  that  of  pregnancy  :— 


At  the  enfi  of 


7\do  monfht 


BixmofUhi 


Mns  fwrnthit , 


Oorpus  Luteum  of 
Menstruaitloii. 


Corpus  Luteum  of 
Pre^rnancy, 


Three-quarters  of  an  inch  in  diameter ;   central  clot  reddish ; 

coni^oluted  waU  pfble. 

Larger ;    convoluted  wall  bright 
yellow  ;  clot  stni  reddish. 


Smuller ;  convolubed  wall 
bright  yellow ;  clot  stili 
reddish. 

Reduced  to  the  condition 
of  an  insignificant  cica- 
trix. 

Absent 


Seven-eighths  of  an  inch  in  dia- 
meter; convoluted  wall  bright 
yeUow ;   clot  decolorized. 

Still  as  large  as  at  end  of  second 
month ;  clot  iibrinous  i  convo- 
luted wall  paler. 

One  half  an  inch  in  diameter; 
central  dot  converted  into  a 
radiating  cicatrbt ;  tl)e  external 
wall  tolerah!y  thick  and  con- 
vohited,  but  without  any  bright 
yellow  colour* 
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The  corpus  Inteum  possibly  yields  au  internal  secretion,  the 
effect  of  whieh  ia  to  assist  geetation  in  eome  at  present  unknown 
way. 

Many  Grraalian  follicles  never  burst;  they  attain  a  certain  degree 
of  maturity  even  during  childhood,  and  then  atrophy. 


Kudeolus  or  gjntmlmJ  spot. 

.  }<p*ee  left  hy  retroctlon  of 

r  rrotopluim  coDtAidlag  yolle 
apbcniJa. 


■  ZoDA  p«Htidi]iu 


Fig  .  « 17.  —A  huinwi  crvmn .    (Ofcdimt.) 


The  ovarian  uvum  or  unoytG  of  the  first  order  (tig*  617)  is  a  large 
spheroidal  cell  surrounded  by  a  transparent  striated  membrane  called 


Ra^ 
>t^ 


^\ 


yj 


m 


@ 


I 


'/ 


Fio.  «ia.— DUgrmtti  sbuwing  mode  or  d«velopmnit  of  oocytes  of  thi  firat  order  froin  prtoiltirv  ^rm  cbUh 
In  mimnialliiri  ov^ry.  Ij  f^Tminal  epluietlum ;  2,  priiiiitjvo  germ  colli ;  lAt  ooigOQiA  i  4,  tjocytw  of 
the  Ant  orcl«r»  In  A,  two  primitive  gemi  c«U8  uro  iiim»ii  ltiib«iJtlod  In  the  g«rmlo&l  epltheUam.  Id 
B, «  pTimLttVfl  |$;Arm  i^IJ  bM  d«ao<iiid«4  Into  tba  AtromA  of  the  ov\ry  accompaiUecl  \}y  uq1I»  proli tented 
f^ED  Ihe  gpemUjul  epltheliuiri  which  wiU  beoome  the  cntb  vf  tb4  membratii  gmtiitilc»«.  In  C»tb« 
oogiKtlji  doriTed  ftam  phmlifve  g«nz3  t^llA,  in^l  oocyttfa  at  tbe  fltmt  ardvr  produced  by  illviAioa  of  tb« 

the  mna  pdlucida^  or  zona  striata.    The  protoplasm  ie  filled  with  largo 
[fatty  and  albuminous  granules  (^olk  ^he-rules),  except  iu  the  part 
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around  the  nucleus,  which  is  comparatively  free  from  them.  It  cou- 
tains  a  nucleus,  and  usually  one  very  well-marked  nucleolus.  The 
nucleus  and  nucleolus  are  still  often  called  by  their  old  names, 
fferminal  vesicle  and  germijial  spot  respectively.  An  attraction 
sphere,  not  shown  in  the  figure,  is  also  preaenti  and  a  fine  mem* 
brane,  the  mieiline  membrane,  is  said  to  lie  between  the  protoplasm 
and  the  zona  pellucida. 

The  oocytes  ate  developed  from  the  primitive  germ  cells  which 
in  the  earliest  stages  are  interspersed  amid  other  cells  of  the  germinal 
epithelium.  The  primitive  germ  cells  divide  and  produce  oogmiia  ; 
and  by  the  division  of  the  oogonia,  oocytes  are  formed  (fig.  618). 
The  oogonia  and  oocytes  sink  into  the  stroma,  surrounded  by  cells, 
produced  by  the  proliferation  of  the  germinal  epithelium,  which  are 
destined  to  form  the  membrana  granulosa  and  the  discus  proligerua. 


I* 


^m, 


d 


Flo.  610.— ^tiction  of  tli«  Unkig  mambrjune  of  &  Luiimii  utftrua  at  ttui  pericMJ  of  vtoaan^ucm^  pT^gJtMticy^ 
aiiowing  tho  iLTTaTigiemflfDt  of  tha    **-■■--■■       *^  ... 

of  the  oisKD-    I'wlrB  tbo  natuTml  i 


Alio  wing  tho  iLTTaTigiemflfDt  of  tha  eluidft,  if,  dj  dt  wiUi  thair  orifloafl,  a,  a,  a,  oa  the  inlfim^l  turfnoa 


The  PaUopian  tubes  have  externally  a  serous  coat  from  the 
peritoneum,  then  a  muscular  coat  (longitudinal  fibres  outside,  circular 
inside),  and  moat  internally  a  vascular  mucous  membrane  thrown 
into  longitudinal  folds,  and  covered  with  cihated  epithelium, 

Tb©  uterus  consists  of  the  same  three  layers.  The  muscular 
coat  is,  however,  very  thick  and  is  made  up  of  two  strata  imperfectly 
separated  by  connective  tissue  and  blood-vessels.  Of  these  the 
thinner  outer  division  is  the  true*  muscular  coat,  the  fibres  of  which 
are  arranged  partly  longitudinally,  partly  circular iy.  The  inner 
division  is  very  thick,  its  fibres  run  chiefly  in  a  circular  direction ; 
the  extremities  of  the  uterine  glands  extend  into  its  internal  surface. 
It  is  in  fact  a  much  hyper  tr  op  hied  muscular  is  mucosfB,  The 
mucous  membrane  is  thick  and  consists  of  a  corium  of  soft  con- 
nective tissue,  lined  with  cdiated  epithelium ;  this  is  continued  down 
into  long  tubular  glands  which  have,  as  a  rule,  a  convoluted  course. 
In  the  cervix  the  glands  are  shorter.  Near  the  os  uteri  the  epi- 
thelium becomes  stratified;  stratified  epithelium  also  lines  the 
vagina. 
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At  each  menstrual  period  the  uterus  becomes  congested,  and 
some  of  the  blood-vessels  of  the  mucous  membrane  are  ruptured; 
the  blood,  together  with  the  secretion  of  the  glands  and  some 
epithelial  debris  from  the  surface,  constitutes  the  menstrual  flow, 
which  usually  lasts  two  or  three  days.  The  amount  of  destruction 
of  the  surface  epithelium  is  not,  however,  a  marked  phenomenon ; 
still  less  is  there  any  disintegration  of  the  deeper  parts  of  the 
mucous  membrane. 


CHAPTER  LIX 

DEVELOPMENT 

The  description  of  the  origin  and  formation  of  the  tissues  and  organs 
constitutes  the  portion  of  biological  science  known  as  embryology. 
In  a  physiological  text-book  it  is  only  possible  to  deal  with  the 
merest  outHnea  of  the  principal  facts  of  development. 

The  following  descriptions  are  based,  as  far  as  possible,  upon 
observations  which  have  been  made  on  the  development  of 
raammalfl,  but  many  of  the  phenomeua  of  development  have  onl}* 
been  seen  in  lower  forms,  and  their  oecurrence  in  mammals  (includ- 
ing man)  is  a  matter  of  inference. 

Interest  is  added  to  the  subject,  however,  by  the  consideration 
of  phenomena  which  occur  in  lower  animals ;  for  the  scientific  dis- 
cussion of  embryology  must  always  start  from  a  wide  survey  of 
the  whole  animal  kingdom,  because  the  changes  which  occur  in  the 
embryological  history  of  the  highest  animals,  form  a  compressed, 
though  in  many  oases  a  modified  picture  of  the  changes  which  have 
tsiken  place  in  their  historical  development  from  lower  types. 

The  OTunL. 

The  human  ovum  is  like  that  of  other  mammals,  a  small  cell 
alxjut  ill  to  Ys^  i^*3li  ^  diameter 

The  changes  by  which  the  ovum,  or  a  portion  of  the  OTum,  ia 

transformed  into  the  young  animal  may  take  place  either  inside  or 

outside  the  body  of  the  parent     If  they  take  place  inside  the  parent, 

as  in  mammals,  including  the  human  subject,  the  ovum  is  small,  and 

the  nutriment  necessary  for  its  growth  and  development  i^  derived 

from  the  surrouudiug  tissues  and  fluids  of  the  mother.      If  the 

development  takes  place  outside  the  parent's  body,  as  in  birds,  the 

egg  is  larger;  it  contains  a   large  amount  of  nutritive  material 

caMad  the  yolk,  and  it  may,  in  addition,  be  surrounded  by  sheaths  of 

nutritive  substance.     Thus,  in  the  hen's  egg,  the  yellow  part  alone  is 

comparable  with  the  mammalian  ovum,  and  the  larger  part  of  that 
«a9 
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is  merely  nutritive  flubafcance.  Upon  the  jo]k  ia  a  whitish  speck,  the 
cicatricula,  which  is  a  small  mass  of  protoplasm,  about  J  of  an  inch 
in  diameter.  In  the  cicatricula  lies  the  nucleus  or  germiiial  vesicle, 
r  and  it  is  this  small  mass  of  protoplasmic  substance  which  divides 
and  grows  to  produce  the  chick ;  the  yolk  and  the  surrounding  white 
being  used  as  food. 

Ova  like  the  hen's,  in  which  only  a  small  part,  the  cicatricula, 
divides  and  grows,  are  called  meroblastic.  Small  ova,  with  little  food 
yolk,  such  as  the  human  ovum,  divide  completely  during  develop- 
ment, and  are  called  holoblastic,  but  numerous  gradations  occur 
between  the  two  extreme  types. 

The  structure  of  the  ovarian  ovum  in  mammals  and  its  mode  of 
formation  have  already  been  considered  (p.  835),  but  before  such  an 
ovum  can  develop  it  must  first  become  mature,  and  then  it  must  be 
impregnated  by  the  entrance  of  a  spermatozoon. 


Maturation  of  the  Ovum. 

It  will  be  remembered  that  the  germ  cells  which  form  the  ova 
are  at  first  embedded  in  the  germinal  epithelium,  from  which  they 
pass  into  the  stroma  of  the  ovary,  and  then  by  division  and  growth 
they  form  oogonia ;  from  the  oogonia,  oocytes  of  the  first  order  are 
developed,  and  the  oocytes  of  the  first  order  become  enclosed  in 
Graafian  follicles.  It  is  the  process  by  which  the  oocytes  of  the  first 
order  become  converted  into  mature  ova,  which  is  known  as  matura- 
tion, and  it  consists  essentially  of  a  double  mitotic  division  of  the 
oocyte,  each  division  producing  two  unequal  parts.  The  first  division 
produces  an  oocyte  of  the  second  order  and  the  first  polar  body,  and 
the  second,  which  takes  place  without  any  resting-stage,  results  in 
the  formation  of  the  mature  ovum  and  the  second  polar  body.  Thus, 
when  the  two  divisions  are  completed,  the  mature  ovum  and  two 
polar  bodies  lie  inside  the  zona  pellucida.  In  some  cfiitfiij,  only  one 
polar  body  is  formed,  that  is,  only  one  division  occurs. 

The  unequal  division  is  naturally  associated  with  an  eccentric 
i  position  of  the  spindle.  At  each  division  one  end  of  the  spindle 
projects  on  the  surface  with  a  little  surrounding  protoplasm,  and  it 
is  the  small  process  which  becomes  the  polar  body  (see  fig,  620). 

One  of  the  essential  features  of  maturation  is  the  reduction  of 
the  number  of  chromosomes  in  the  nucleus.  It  is  well  known  that 
the  nuclei  of  all  animal  cellSi  including  germ  cells  and  oogonia,  con- 
tain a  definite  number  of  chroniosomea.  When  maturation  com- 
mences in  the  oocytes  of  the  first  order,  an  achromatic  spindle  is 
formed  in  the  usual  way;  but  instead  of  the  ordinary  number  of 
chromosomes  appearing  at  its  equator,  only  half  that  number  are 
seen :  for  example,  if  eight  be  the  normal  number  of  chromosomes, 
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only  four  appear.    Further,  each  chromosome  is  not  a  slender  V-sliaped 
loop,  but  a  short,  thick  rod,  or  ring,  or  group  of  four  particles.   Neither 


Fio.  620.— Diagram  showing  the  formation  of  the  polar  bodies  (maturation  of  the  ovum).  A,  B,  and  C 
show  stages  in  the  formation  of  the  first  polar  bo<ly  by  heterotyi)e  miUjsis.  A  is  the  oocyte  of  the 
first  order  at  the  commencement  of  mitosis^  when  only  h  ilf  the  usual  number  of  chromosomea 
appear.  C  is  the  oocyte  of  the  second  order ;  it  has  no  distinct  nucleus,  because  no  resting-stage 
occurs  ;  after  the  seiwtratlon  of  the  first  polar  bo<ly,  the  chromosomes  which  remain  in  the  oocyte 
of  the  second  order  at  once  rearrange  themselves  on  a  new  spindle.  I)  is  the  mature  ONOim,  with 
the  female  pronucleus  and  the  two  polar  bodies.  1,  First  polar  bud ;  2,  first  polar  body  ;  8>  second 
polar  body ;  4,  chromosomes  on  spindle  of  oocyte  of  first  order ;  5,  zona  striata ;  6,  vitelline 
membrane;  7,  daughter  chromosomes  in  first  polar  bud  ;  8,  female  pronucleus. 

does  it  split  longitudinally  in  the  usual  way,  but  transversely ;  and  at 
the  end  of  the  process  the  oocyte  of  the  second  order  and  the  first 


2a2 


Fio.  0*21.— Diagram  showing  the  stages  in  the  maturation  of  the  ovum  when  the  first  polar  body 
divides.  A  similar  diagram  would  represent  the  formation  of  8i)erraatids  from  a  spermatocyst  of 
the  first  order.  1,  Oocyte  of  the  first  order  ;  2,  oocyte  of  the  second  order ;  2a,  first  polar  body  ;  8, 
mature  ovum  ;  8(>,  second  polar  Ixxiy  ;  2al,  and  2a2,  daughter  cells  of  the  first  polar  body.  All  the 
last  generation  in  the  male  would  be  spermatids  of  equal  value. 

polar  body  both  contain  four  chromosomes.     This  form  of  mitosis  is 
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known  as  heterotype,  whilst  the  ordinary  form  is  oalled  homotypa 
The  seconrl  division  which  produces  the  mature  oviun  an^i  the  second 
polar  hody  is  of  the  homotype  form,  and  the  final  result  is  that  each 
of  the  aegmentfl  into  which  the  oocyte  of  the  first  order  has  divided 
—the  mature  ovum  and  the  two  polar  bodies — contains  half  the 
number  of  chromosomes  present  in  the  parent  genuinal  cell.  In 
some  cases  the  first  polar  body  fliviiles  at  the  same  time  that  the 
second  polar  body  is  formed,  and  the  process  may  l>e  represented  by 
the  schema  in  fig,  62  L 

The  nucleus  of  the  mature  ovum  is  known  as  the  female  pro- 
nucleuB. 

Impregnation. 

By  impregnation  is  meant  the  union  of  a  apermatozoon  with  a 
mature  ovum.  The  spermatozoon,  moving  by  the  flagellar  movement 
of  its  tail,  meets  the  mature  ovum 
in  the  upper  part  of  the  Fallopian 
tube,  and  by  means  of  its  sharp        / jC-^  ^z 

head  cap  it  pierces  the  ^uua  pel- 
hicida,  and  the  head,  neck,  and 
possibly  part  of  the  body,  enter 
the  substance  of  the  ovum, 
where  they  undergo  transforma- 
tion, and  are  converted  into  a 
male  pronucleus  with  an  attendant 
attraction  sphere  and  its  centro- 
some.  The  male  pronucleus  con- 
tains the  same  number  of  chromo- 
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somes  as  the  female  pronucleus,  r  *  t     der 

for  the  mitosis  which  occurs  when  the  spennatocyst  of  the  first  or 
divides  to  form  the  two  spermatfjcyats  of  the  second  order,  :^ 
heterotype  mitosis,  in  which  only  half  the  usual  number  of  ^^*^^^ 
somes  appear ;  and  consequently  the  spermatocysts  of  ^  the  se  o  ^^ 
order,  and  their  descendants  the  spermatids,  also  contain  on  >  -^ 
the  typical  number  of  chromoaouies.  These  are  retamet  ^  .  ^^^j 
spermatozoa,  which  are  produced  by  modification  of  the  sper  i  * 
and  thev  reappear  in  the  male  pronucleus.  *  *i-^ 

After  the  male  pronucleus  has  formed  in  the  s^*^^  ^^^^tj^^  J^e 
mature  ovum,  it  upproaches  the  female  pronucleus,  an  _  ^^^ 
two  pronuclei  fuse,  fertilisation  is  completed.  The  ^^^^  ^  ^^w.»^s«y» 
residta  from  the  fusion— the  first  segmentatiun  nucleu  _  ffim^fc- 
the  typical  number  of  chromosomes,  half  being  deriveu  ix'O  n  -^|||^^  ^ 
and  half  from  the  male  germinal  element.     Wlien  tbe  ^^^ .  _    \.^^.  _ 

£h1,  the  segmentation  nucleus  is  accompaiiie<:l  I^xo^m 
jres  with  their  centrosomes  (see  fig,  622) ;  on®  of  1 1 
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is  that  associated  with  the  male  proniicl8ii8,but  theorigm  of  the  other 
is  uncertain.  U  may  lielong  to  the  oviun,  thoiigli  it  waa  not  apparent 
during  the  maturiition,  or  it  may  have  been  produced  by  the  division 
of  the  centrosome  and  attraction  sphere  which  accompany  the  male 
pronucleus. 

Segmentatioo^ 

After  fertiHsatiou  ia  completed,  the  ovum  dividea  into  two  parts; 
each  of  theae  again  divides,  and  so  on  till  a  mulberry-shaped  nmaa — 
the  morula— is  formed.  It  consists  of  a  large  number  of  small  cells, 
and  it  is  enclosed  together  with  the  polar 
bodies,  in  the  zona  pelhicida.  The  polar 
iMxliea  soon  disappear ;  indee^l  in  many  cases 
they  have  vaniaheil  long  before  the  morula 
ia  completed.  A  cavity  aoon  appears  in  the 
morula,  which  thus  becomes  converted  into 
a  blastula  or  blastocyat^  The  cells  which 
form  the  peripheral  wall  of  the  blastula 
assume  a  more  or  leaa  cubical  form,  whilat 
those  which  lie  in  the  interior  and  form  the 
inner  cell  mass  are  irregular  in  outline,  and 
they  are  grouped  together  at  one  pole  of  the 
blastula.  At  this  ])eriod  the  blastula  is 
unilaminar,  except  at  the  region  where  the 
inner  coll  masa  is  aituated;  but  soon  the 
cells  of  the  inner  mass  extend  round  the 
eavity  and  the  wall  of  the  cyst  becomea 
bilaminar,  the  outer  layer  being  called 
epihlast  and  the  inner  hypoblast.  In 
amphioxus  and  in  many  invertebrates  the 
blastula  is  at  firat  entirely  unilaminar,  no 
inner  cell  masa  being  present  In  theae  cases 
the  inner  layer  is  formed  by  the  invagination 
of  a  part  of  the  wall  of  the  vesicle,  and  the 
opening  at  which  the  invagination  occurs  is 
known  as  the  blastopore  or  primitive  month. 
If  the  surface  of  a  bilaminar  mammalian 
blastoderm  is  examined,  an  area  is  found 
which  is  darker  or  more  opaque  than  the 
rest;  this  ia  the  area  where  the  embryo 
will  be  formed,  and  it  is  known  as  the  germinal  or  embryonic 
area  (fig.  624).  It  corresponds  with  the  region  where  the  inner 
masa  is  adherent  to  the  onter  layer,  and  in  it  the  epiblaat  cells 
are  of  cubical  or  columnar  form,  whilat  over  the  remainder  of  the 
wall    of  tlie  vesicle   they  have    been   transformed    into   flattened 
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platen  (fig.  625).  At  first  the  germinal  area  is  circular,  then  it 
becomes  ovoid,  and  ultimately  pear-shaped,  the  rjarrow  part  of 
the  pear-ahap^  area  indicating  the  region  of  the  posterior  end  of 
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the  body  of  the  future  embryo  (fig.  626).  A  linear  streak^ — the 
primitive  streak — quickly  appears  in  the  narrow  part  of  the  area, 
and  after  a  time,  a  groove — the  primitive  groove — appears  on  its 
surface.  In  the  meantime,  a  second  groove  has  appeared  on  the 
surface  of  the  ovum  in  front  of  the  primitive  streak.  This  is  the 
neural  groove  or  rudiment  of  the  central  canal  of  the  brain  and  spuial 
cord.     It  ia  bounded  by  two  folds —  ..  -  — — ^^ 

the  neural  folds,  which  are  united  '  x. 

together  at  their  anterior  ends,  but 
their  posterior  ends,  which  embrace 
the  anterior  end  of  the  primitive 
streak,  do  not  unite  until  after  the 
appearance  of  the  opening  at  the 
anterior  end  of  the  primitive  streak. 
This  opening,  therefore,  connects  the 
neural  groove  with  the  cavity  in  the 
interior  of  the  blastodermic  vesicle, 
which  is  called  the  are henteric  cavity, 
and  through  it  the  epiblaet  be- 
comes continuous  with  the  hypoblast. 
Therefore  it  evidently  represents  a 
part  of  the  blastopore  of  more 
primitive  forms,  and  it  is  called  the  neurenteric  canal. 
closes,  and  all  traces  of  it  are  lost 

The  primitive  streak  itself  is  due  to  a  down-growth  of  a  linear 
ridge  of  epiblastic  cells,  and  soon  after  its  formation  a  layer  of  cells, 
the  mesoblasi  or  third  layer  of  the  blastoderm,  grows  out  from 
its  sides  and  posterior  end,  and  extends  between  the  epi blast  and 
liypoblast  over  the  whole  area  of  the  vesicle. 

That  portion  of  the  mesoblast  which  lies  immediately  at  the  sides 
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f)f  the  neural  groove  becomeB  partially  separatetl  from  the  rest,  and 
at  the  same  time  divided  into  euboidal  blocks,  the  protovertebne  or 
meaablastic  somites.  The  more  laterally  sitaatad  part  of  the  meso- 
blast  eonstitut'ea  the  lateral  plates,  and  the  narrow  strand  of  uieso- 
blastic  cells  which  connects  the  lateral  plate  on  each  side  with  the 
pro  to  vertebral  somites  is  the  intermediate  cell  mass*  Soon  after  its 
formation  the  lateral  meaoblast  is  cleft  into  two  layers^  and  the  space 
which  appears  between  the  two  layers  is  called  the  co&lom  (ilgs.  627, 
628).     The  outer  or  somatic  layer  of  the  mosoblast  adheres  to  the 
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epiblast;  the  two  together  form  the  somatopleur.  The  inner  or 
splanchnic  layer  fuses  with  the  hypoblast  to  form  the  splanclinopleur. 
Cavities  also  appear  in  the  mesobListic  somites. 

Whilat  the  mesoblast  is  extending  and  cleaving,  the  neural  folds 
gi'adually  grow  in  height,  and  their  free  margins  turn  inwards  and 
fuse  together.  Tliis  fusion  commences  in  the  cervical  region,  and 
extends  forwards  and  backwards,  and  when  it  is  completed  the  neural 
groove  is  converted  into  a  closed  tube,  the  neural  tube,  and  the  original 
groove  is  now  the  central  canal  of  the  nervous  system.  In  the  ovum 
at  tills  poriud  there  are,  therefore,  three  ca\ities:  (1)  The  neural  or 
central  canal  confined  to  the  embryonic  region;  (2)  The  ccelom  or 
space  in  the  mesoblast;  (3)  The  archenteron  within  the  hypoblast. 
The  enibryonie  area  is  still  outspread  on  the  surface  of  the  ovum. 
When  the  changes  to  which  reference  has  been  made  are  well 
advanced,  and  in  many  cases  before  the  neural  groove  is  closed,  the 
embryonic  area  begins  to  fold  off  from  the  re-st  of  the  ovum.  A 
sulcus  appears  all  round  the  margins  of  the  area,  and  over  this  sulcus 
the  area  tends  forwards,  Imckwards,  and  laterally.  It  looks  as  if 
some  constricting  agent  liad  teen  placed  round  the  margin  of  the 
area,  and  that  afterwards  the  area  ateve  the  constriction,  and  the 
area  telow  had  gone  on  growing  rapidly.  In  this  way,  the  ovum  ia 
clearly  separated  into  two  parts,  an  upper,  tlie  embryo,  and  a  lower^ 
which  l^ecomes  the  appendages  of  the  embryo.    The  anterior  part 
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of  the  folded  embryonic  area  is  knowE  as  the  head  fold,  iho  posterior 
as  the  tail  fold,  and  the  two  are  conneufced  together  on  each  side  hy 
the  lateral  folds.  As  the  cnnstriction 
between  the  embryonic  and  non-embryonic 
parts  affects  the  interior  as  well  as  the 
exterior  of  the  ovum,  it  follows  that  three 
cavities  are  present  in  the  embryo.  (1)  The 
central  canal  of  the  neural  tube,  wMoh  is 
of  course  lined  by  epiblast  (2)  A  por- 
tion of  the  archenteron  lined  by  hypo- 
blast, (3)  A  portion  of  the  ccelom  or 
cavity  of  the  mesoblast  (fig.  630), 

The  central  canal  of  the  neural  tube,  as 
before  stated,  becomes  the  cavity  of  the 
permanent  central  nervous  system,  and  it 
forms  the  central  canal  of  the  spinal  cord, 
the  lateral,  third  and  fourth  ventricles,  and 
the  aqueduct  of  Sylvius  which  connects 
the  third  and  fourth  ventricles  together. 

The  portion  of  the  archenteron  en- 
close^l  in  the  embryo  forms  tlie  primitive 
gut  The  part  contained  in  the  head  fold 
is  tho  fore-gut,  that  in  the  tail  fold  ia  the 
hind-gut,  and  the  remainder  ia  the  mid- 
gut (%  631). 

The  constriction  where  the  body  of  the 
embryo  becomes  continuous  with  the  re- 
mainder of  the  ovum,  is  know^n  ultimately 
as  the  urnbilicns.  It  remains  pervious  till 
birth,  when  the  em!>ryo  is  separated  from 
the  rest  of  the  ovum,  and  through  it  the 
mid-gut  is  comiected  with  the  remainder 
of  the  archenteron  (which  is  henceforth 
called  the  yolk  sac)  by  a  nan^jw  hyp>oblastic 
tut>e,  the  vitello-intestinal  duct  (lig.  630, 
10). 

The  portion  of  the  mesoblaatic  crnvity 
enclosed  in  the  embryo  is  called  the  body 
cavity.  It  gradually  differentiates  into  the 
pericardial,  pleural  and  peritoneal  cavities, 
which  are  eventually  entirely  separated 
'  from  each  other. 

In  the  early  stages  the  gut  is  close  to 
the  posterior  wall  of  the  body,  but  after  a  time  it  advances  into  the 
body  cavity  \  it  remains  connected,  however,  with  the  dorsal  wall  by 
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a  fold  of  bhe  splanohuic  portian  of  the  mesoblaat,  winch  is  eall^  the 
dorsal  mesentery,  A  similar  mesentery  is  found  connecting  the 
ventral  wall  of  that  portioRj  fore-gut,  which  becomes  stomach  and 
duodenum^  with  the  ventral  wall  of  the  body* 

Before  the  neural  groove  is  closed  and  becomes  tho  neural  eatial, 
the  hyxjoblast  beneath  the  middle  of  the  groove  hecomea  thickened  to 
form  a  longitudinal  ridge  (fig,  628),  This  ridge  is  the  notochord  or 
priniitive  skeletal  axis.  It  soon  separates  from  the  remainder  of  the 
hypoblast,  and  forms  a  round  cord,  which  lies  at  first  immediately 
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beneath  the  neural  groove,  and  afterwards  beneath  the  neural  tute, 
extending  from  the  anterior  end  of  the  primitive  gut,  whioli  lies 
beneath  that  region  of  the  neural  tube  which  afterwards  becomes 
the  mid-brain,  to  the  caudal  end  of  the  embryo  (figs.  630,  631). 

It  follows  from  what  baa  already  been  stated,  that  the  embryo 
attains  its  distinct  form  by  a  process  of  folding ;  but  for  some  time 
after  it  ia  separated  ufif  from  the  remainder  of  the  ovum  (except  at  the 
margins  of  the  umbilical  oriirce),  it  has  no  limbs*  After  a  time  a  ridge 
appmrs  on  each  side  of  the  bodj^  along  the  line  of  the  intermediate 
cell  mass  in  the  interior ;  this  is  the  Wolffian  ridge,  and  from  its 
anterior  and  poaterior  partSj  the  liml:^  grow  out  as  small  horii^ontal 
ledges. 

The  differentiated  embryy  contains  parts  of  all  the  layers  uf  tUo 
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blastoderm,  and  from  each  of  these  certam  tjigans  are  formed  as 
indicated  in  the  fuUowing  lint:— 

L  From  EpibLast,— a.  The  epidermis  and  its  appendages. 

k  The  nervous  system,  both  central  and  peripheral 

c.   The  epithelial  structures  of  the  sense-organs. 

(L  The  epithehum  of  the  mouth,  and  the  enamel  of  the  teelL 

e.  The  epithelium  of  the  naaal  passages, 

/.  The  epithelium  of  the  glands  opening  on  the  skin  and  into  the 
I^^Mtibule  of  the  mouth,  and  nasal  passages, 

g.  The  muHcular  tibres  uf  the  sweat-glands, 

2.  Prom  MeBoblast. — a.  The  skL4eton  and  all  the  eonnective 
tissues  of  the  body. 

k  All  the  muscles  of  the  body. 

c.  The  vascular  system,  including  the  lymphatics,  seroua  mem- 
branes, and  spleen. 

d  The  urinary  and  generative  organs,  except  the  epithelium  of 
the  bladder  and  urethra. 

The  Somatic  rnesoblast  forms  the  osseous,  fihrous,  and  muscular 
tissues  of  the  L>ody-wall,  including  the  true  skin. 

The  Spla7y:hwk  rnesoUast  forms  the  fibrous  and  muscular  wall  of 
the  alimentary  canal,  the  vascular  system,  and  the  nrino-genital 
organs. 

3.  From  H3rpobla.st, — a.  The  epithelium  of  the  alimentary  canal 
from  the  inner  sides  of  the  teeth  to  the  anus,  and  that  of  all  the 
glands  (including  liver  and  pancreas)  which  open  into  this  part  of 
the  alimentary  tube. 

k  The  epithelium  of  the  respiratory  cavity. 

f\  The  epithelium  of  the  Eustachian  tube  and  tymi>anum. 

d.  The  epithehiim  Iming  the  vesicles  of  the  thyroid* 
c.  The  epithelial  nests  of  the  thymus. 

The  epithelium  of  the  bladder  and  urethra. 


The  Decldua  and  the  Fo&tal  Membi^uies. 

When  the  uterus  is  ready  for  the  reception  of  an  ovum  it  is  lined 
by  a  greatly  hypertrophied  mucous  membrane,  called  the  decidua, 
because,  after  the  deUvery  of  the  child,  a  portion  of  it  comes  away 
from  the  uterus  with  the  other  membranes. 

When  the  ovxmi,  which  has  been  fertilise*!  in  the  upper  part  of  the 
Fallt>pian  tube,  reaches  the  uterine  cavity,  it  is  usually  in  the  stagut  of 
a  morula  or  blastula.  It  rapidly  eats  its  way  into  the  substance  of 
the  decidua  which  closes  over  it,  obliterating  the  opening  througli 
which  it  passed,  and  thus  the  ovum  becomea  embedded  in  the 
membrane,  which  thereupon  becomes  separable  into  three  parts. 
1.  The  part  between  the  ovum  and  the  muscular  wall  of  the  uterus. 
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b«flall»;  &,  docidu*  pupsqlnri* ;  Oj  di^cldua 
vera  ;  7,  avity  at  utemji. 


the  dccidua  htmtlis.    2.  Tlio  i>art  between  tlie  ovum  and  the  uterino 

cavity,  the  dccidim  capsulan&  or 
refiexa.  3.  The  remainijig  part  is 
called  tlie  d&Mua  v^m.  Between 
the  decidiia  capsularis  and  the 
decidua  Imsalis  lieB  the  ovum, 
which  speedily  becomes  differeii- 
tiated  into  embryo,  membranes, 
j/\\  \  /  /y      "^  anrl   appendages.     The  outermost 

of  the  foetal  mem  bran  es  is  the 
chorion ;  tliis  is  covered  with  vas- 
cular villi,  which  dip  into  the 
decidua  capsidaris  and  basaliB, 
Inside  the  chorion  is  the  amnion, 
a  closed  sac,  which  surrounds  the 
embryo  and  is  attached  to  its 
ventral  wall  at  the  umbilicus. 
The  amnion  is  filled  with  flnid, 
the  amniotic  fluid  in  which  the 
foetus  floats,  and  it  forms  a 
sheath  for  the  umbilical  cord  by 
which  alfter  a  certain  time,  the  emhryu  is  attacha^  to  the  inner  surface 
of  the  chorion,  or  outer  wall  of  the  ovum.  The  umbilical  cord  con- 
tains not  only  the  blood-  ^  ^ 
vessels  which  pass  t>etween 

a  specialiaed  portion  of  the  _  ^^^^-^-"''^ ^-^"^^    K- 

chorion,  which  forms  the 
foetal  part  of  the  placenta, 
and  the  embryo,  but  also 
the  remains  of  the  yolk-sac, 
and  the  duct  by  which  it  ii* 
connected  with  the  intestine 
of  the  embryo. 

As  the  ovum  grows,  the 
decidua  eapsularis  is  ex- 
panded over  its  surface,  and 
as  the  growth  continues  the 
uterine  cavity  is  gradually 
obhterated,  and  the  decidua  ^  ,    , 

I      .     /    -           J  *    i.  f*ir.*  (J33.— WftiJfram  mjresnrititJg  a  litnr  sUp  ol  dBvetlQiy- 

CapSUiartS  is  tOrceCl  into  con-  jneut  tbnn  th&t  nhown  \n  W^,  032.     1,  UtFdiif  lTUifw:l»  ^ 

+or.f  wifVi    fhm    flo^iilin    \r^Vi\  -»   vUn  of  chcji-lon  of  ovum;    8,   ctuloin;   4,  dccltlim 

laCC  WILU   tUe    ueClUUa  \  ei  a^  ba«Us :  K  deeidun  ciijMHilftn» \  O,  dwldua  veritl  7;  cmvJt|- 

with  which  i  t  fuses*  ^r  ut^ruB  \  %,  alUntqift  ;  \U  amnion  e»^  Uy ;  10,  i>titniUT« 

As  the  decidua  is  merely 
tliickened  mucous  membrane,   it    naturally  contains  glands   which 
become  enlarged  as  the  decidua  thickens.     It  way  l>clieved,  at  one 
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fcime,  that  the  villi  of  the  chorion  entered  the  gland b^  but  this  is  now 
known  to  he  Lacorrect  The  villi  enter  the  interglandular  substance, 
and,  in  the  human  subject,  thf;  glands  of  the  decidua  capsidaris  eventu- 
ally  disappear  entirely.  In  the  decidua  basaJia  and  the  decidua  vera 
the  superficial  portionB  of  the  glands  also  disappear ;  their  deep  por- 
tiona  remain  in  an  almost   unchanged  condition,  and   furnish   the 
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Fio.  ASC—^lNAgremoiatJG  rk  w  of  a  vfiftlc&t  truiftvflnfi  wctloEi  of  Uii  ntsruB  «t  tb«  »»Teath  et  eighth 
week  of  pr<jgij»iicy.  c,  c»  (^^  cavity  of  ntenu,  which  becomes  the  cavity  of  the  decldda,  opentoe  %\ 
c,  C|  the  corDtitt,  into  the  Fmllapimii  tubes,  Aod  At  €  into  tba  cavity  of  tba  cerTlx»  which  \a  i^IomC hy 
A  plug  of  nm^iis;  tl1$^  ^mcl^MA.  ¥«n;  dt^  deeldnm  rallexai  with  thn  »ip!inier  villi  etobCiilded  In  Iti 
■autanGe;  dj,  d#cldua  hualli  or  lerotlna,  In^olviiii;  the  more  dovelop^rl  choriouic  villi  of  the 
CBiBime'DclDf  plaofinta.  The  f^tas  ts  seen  lying  In  tlie  apinlotic  aic  \  pacing  up  from  tb«  utnfa[I)cDji 
fi  teen  the  umbtiltaJ  cord  attd  ft«  veAe«34  piuulug  to  their  dJatribatiQD  in  the  villi  of  the  chorion ; 
aljio  the  p«dla^]«  of  th«  yolk-cac,  whEoh  lies  Is  the  cavity  between  the  amnion  <Jid  chorion.  (Alien 
Thomson.) 

epithelium  for  the  regeneration  of  the  glands  and  the  lining  of  the 
uterine  ea^"LliJ  after  parturition.  The  intermediate  pai*ts  of  the 
glands  in  the  decidua  vera  and  the  decidua  baaalis  become  very  much 
enlarged,  and  form  a  stratum  of  the  decidua  called  the  apongy  layer, 
and  ultimately  this  layer  ia  converted  into  a  series  of  clefts,  and  it 
is  along  the  line  of  these  clefts  that  the  decidua  is  separated  at  birth. 
In  some  mammals  in  which  the  connection  between  the  chorion 
and   the  decidua  is  less  intimate  than  in  the  human  subject,  the 
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glautja  persist  to  a  greater  or  less  extent,  and  s^rete  a  fluid  called 

uterine  mUk,  which  is  absorbed  by  the  chorion. 

The  portion  of  the  decidua  winch  undergoes  the  greatest  change  is 

the  decidna  hasalis,  formerly  called  the  decidua  serotina.     In  it  a 

number  of  large  blood  spaces  are  formed,  and  these  are  separated  int^ 

masses  or  cotyledons  by  fibrous  strands.    The  cotyledons  are  penetrated 

by  chorionic  villi,  and  it  is  this  conjunction  of  chorionic  vUli  and 

decidua  basalis  wliich  produces  the  placenta. 

The  placenta  is  the  organ  of  fcetal  nutrition  and  excretion,  and  at 

full  term  it  in  sseveti  or  eight  inches  across  and  weighs  neariy  a  pound, 
^  Its  blood  sinuses  are  filled 

— ft  with  maternal  blood,  which 

is  ctirried  to  them  by  the 
uterine  arteries  and  away 
from  them  by  the  uterine 
veins.  Into  these  blood- 
filled  spaces  the  vascular 
foetal  villi  project;  hence 
it  is  easy  for  exchangee  to 
take  place  between  the 
fcet-al  and  the  maternal 
blood,  though  the  two 
blood *8treanis  never  mix  to- 
gether* Oxygen  and  nutri- 
ment pass  from  the  maternal 
blood  through  the  coverings 
of  the  foetal  vessels  into  the 
foatal  blood,  and  carbonic 
?icid,  urea,  and  other  waste 
products  pass  in  the  con- 
trary direction.  The  foatal 
blood  is  carried  to  the 
placenta  by  the  umbilical 

arteries,  which  are  the  terminal  branches  of  the  aorta  of  the  fcBtus ; 

these  pass  to  the  placenta  by  the  umbilical  cord,  and  tlie  blood  is 

returned,  through  the  cord,  by  the  umbilical  vein. 


meut  of  mfimbraiieii  urd  placcntA  tban  that  sbown  in 
(Ig.  fl33*  1,  UtfiflDH  mqftt!k  T  2*  plucenU ;  8,  vol k  sue ; 
4j,  fitaed  deolc^UA  vera  aii<]  C'^&pftUJELriji  i  ^,  pTlmlilve  hliMjtU 
v«M«l  of  einl^o ;  0,  anmian  CAvHy  (out&r  lurfkce  of 
mmaion  1ft  flised  with  inn«T  Nurfar«  of  chorion);  7^  um- 
bUlcal  csoTd ;  S,  fieUl  vUlvrn  la  iilaccntA*  Fpt  bloocN 
v«M«U  see  tubMquelit  llgnre^p 


Development  of  the  Foetal  Appendages  and  Membranes, 

The  manner  in  wideh  the  primiti%'e  intestinal  canal  is  separated 
fr*»tQ  the  yolk-sac  during  the  folding  off  of  the  embryo  from  the 
ovum,  has  already  l»een  considered  (p.  846). 

In  birds  the  yolk-aae  affords  nutriment  till  the  end  of  incubation, 
and  the  omphalo-mesenteric  blood-vessels  which  convey  the  nutriment 
to  the  embryo,  are  correspondingly  well  develop<Hl,     In  mammaJia, 
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the  oflBee  of  the  umbilical  vesicle  ceases  at  an  early  period,  for  the 
quantity  of  yolk  is  small,  and  the  embryo  soon  becomes  independent 
of  it,  on  account  of  the  intimate  relations  established  with  the 
maternal  blood  in  the  placenta.  In  birds,  inoreover,  as  the  yolk-sac 
empties,  it  is  gradually  withdrawn  into  the  abdomen  of  the  cliick 
through  the  nmbihcal  opening  which  then  closes  over  it.  In  mammals 
it  remains  outside  the  embryo,  and  in  man  its  remnants,  in  a  con- 
tracted and  shrivelled  condition,  are  found  in  the  umbilical  cord.  In 
some  mammals,  however,  it  plays  a  much  more  important  part  than  it 
does  in  man,  and  the  time  and  mode  of  its  disappearance  differ  in 
different  orders  of  mammals. 

At  an  early  stage,  and  whilst  the  changes  to  which  refetence  has 
beeu  made  are  proceeding,  three  important  structures,  the  amaiuu, 
the  chorion,  and  the  allantois,  are  developed. 

Amnion. — As  the  embryo  is  differentiated,  the  surface  of  the 
ovum  beyond    its    margins,   forme<3    l>y   somatopleur,   is  gradually 
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Pm«  OSO* — DiAgrim  of  &  loDgitatiln&l  s«cUoti  of  id  Dram  abowluft  mode  of  formAthin  of  nnmlotij  iLlULiitolHj 
ftDd  %\\t  prlmltLv«  blood- vM»el«.  l*  AmrtloD  carlty  ;  *2,  vUJt  cm  pkcoptal  pkrt  of  crhorfon  ;  ^,  ^Imn* 
t<jlii;  <j  Bp(bl4iit  fjf  otiorlon  ;  5,  flomatie  mesobJttft ;  fi,  ^[lUnehi^Jfi  maotilMt ;  7*  yoJk-^e;  8.  t^idom  ; 
0,  I'luiBular  arm  on  yolk-naf: ;  ICI,  fH!ricfl„fdltitn ;  11,  lie&rt ;  V>,  allaiitokfl  divert icnluni  f^tn  chmcft ; 

raisetl  as  a  circular  fold  which  is  looked  upon  as  consisting  of  iiead, 
till,  and  lateral  portions.     The  various  parts  of  the  fold  rise  quickly 
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and  converge  over  the  embryo,  wliich,  at  the  same  time,  paseae 
towards  the  interior  of  the  ovum-  Finallj,  the  folds  meet  and  fiiBe 
together  at  a  point  which  is  called  the  amnion  navel  As  soon  as  the 
folds  fnae,  the  inner  parts  separate  from  the  outer  and  form  a  closed  sac 
(figs.  630  to  639),  The  inner  wall  of  the  sae  is  formed  by  epiblast,  the 
outer  by  mesoblaat,  and  both  are  continuous  with  the  same  layers  of 
the  embryo  at  the  umbilical  orifice.      At  first  the  amnion  closely 
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Pro,  fi«T.— DJAETJiin  of  A  lo9i|1tiiillHkl  iectlon  of  &q  ovttmj  ihciwing  later  Mtngt  of  fartna tioti,  Amnion 
iLDd  ffi'tAl  part  uf  placeuU  than  t!iat  lUowii  in  Ug.  ttSlt. 


1.  Amntofti  C»v1ty  almE^mt  cum  plate!  y   3 
%  nao«7ita1  viUl  ot  chorkiftL.  5. 


AUntitoic  diverticulum  tiom  oloac«, 
6.  Somatic  m^iabliiKt  /  "■  S^n^t^'^l*^- 


Ti  Ydik  nm/a^ 
10.  PerlcatTlium. 


invests  the  embryo,  but  soon  the  space  between  the  two,  the  amnioiie 
cavity f  becomes  fiUed  with  fluid,  and  tliis  increases  in  amount,  till  at 
the  end  of  pregnancy  it  is  present  in  very  considerable  quantity. 

The  amniotic  fttiid  consists  of  water  containing  small  quantitiea  of 
albumin,  urea,  and  salts.  It  is  an  exudation  from  the  foetal  and  the 
maternal  blood,  and  the  urea  in  it  comes  from  the  festal  urine  which  is 
passed  into  the  amniotic  cavity  in  the  later  part  of  pregnancy. 

The  function  of  the  fluid  appears  to  be  purely  mechanlcaL  It 
supports  the  embryo  on  all  sidesj  and  protects  it  from  blows  and  other 
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injuries  to  the  abdomen  of  the  muther,  and  from  sudden  irregular 
contractions  of  the  aljdominal  walls. 

The  preceding  account  of  amnion  formation  is  based  upon  the 
phenomena  observed  in  the  majority  of  amniotic  vertebrates,  but  the 
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Fifis^  68$,  eSil,  ftndi  tliU  are  dtaicnmnifttlc  rffprsaen^ttoDLM  of  tkraa  tUgu  in  thi»  dtfvdopiinistit  0t  tUa 
ovtun  In  uerUiD  mamiiuLlA.  Thny  thow  ttic  method  cf  amnion  fanomtloii  and  ouiodermtl  m^tiAlou 
ill  raani(«ys  and  {jrobab^y  ftJ«o  In  tiho  ham«n  sulit^^-  A,  AllmntoJc  iiii«#oblMt;  A0»  Amnion 
Oivity^  UCpBlikHiiiJii  I'tivlty;  C,  C(i!loni;  OV,  Oliorlonlc  Villi ;  S,  Ht]dimeDb  of  Hnlblut;  BA| 
KjiibUut cjf  Auiitiou  ;  EC;  Eiatilnal  of  C Norton ;  ES,  fipiblast of  £inl>ryu;  G,  Out;  II ^ Hyptiblaftt ; 
8MA,  aymatic  JW!??n)bUiit  on  Aintiion ;  i5MC|  i^m&tic  Mifsobliwt  qi\  Cbonoii ;  SpMY«  Spknolmlc 
Moeoblftitt  on  YoIk-Aic ;  YB,  Yutk^tiiic. 

proceBS  is  considerably  modified  in  many  rodents,  cheiroptera, 
monkeySi  and  probably  also  in  man,  In  the  animals  in  which  such 
modifications  occur  the  inner  cell  mass  which  l^ecomes  distinct 
as  the  blastula  coBdition  is  attained  (p.  84:i)j  contains  not  only  the 
rudiments  of  the  hypoblast  but  also  the  rudiments  of  the  epiblast  of 
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the  embryo  and  the  amnion  and  the  rndimeote  of  tha  mesoblast, 
whilst  the  outer  walJ  of  the  Mastula  consists  of  chorionic  epiblast 
alone.  As  the  epiblastic  and  hypoblastic  parts  of  the  inner  mass  begin 
to  differentiate  from  each  other  a  cavity  appears  in  each  (fig.  639)* 
The  cavity  in  the  hypoblast  is  the  yolk-sac  cavity,  a  part  of  which 
is  afterwards  enclosi&d  in  the  embryo  to  form  the  primitive  ali- 
mentary canal.  The  cavity  formed  in  the  epiblast  is  the  aronion 
cavity,  and  that  portion  of  its  epiblastic  wall  which  lies  in  contact 
with  the  hypoblast  becomes  the  epiblast  of  the  embryo,  and  the 
remainder  the  epiblast  of  the  amnion.  The  ni0S4jblast  springs  in  the 
usual  way  from  the  priraitivo  streak,  which  forms  in  the  usual  way 
in  the  posterior  part  of  the  embryonic  area  (see  p.  843),  and  it  spreads 
over  the  yolk-sac,  the  amnion,  and  the  chorion,  reaching  tha  latter 
from  the  amnion  before  the  two  have  bean  distinctly  separated  from 
each  other. 

Chorion, — The  chorion  is  that  portion  of  the  surface  of  the  ovum 
which  does  not  enter  into  the  formation  of  the  embryo  or  of  the 
amnion,  and  after  the  separation  of  the  amnion,  it  forms  the  whole  of 
the  outer  surface  of  the  ovum,  completely  surrounding  the  embryo, 
the  amnion,  and  the  allantois. 

At  a  very  early  jjeriod  its  surface  is  set  with  fine  procesaes,  the 
ckoriimiG  vUli,  which  at  first  consist  of  epiblastic  cells,  alone,  but  very 
soon  they  acquire  cores  of  somatic  mesoblast,  which  becomes  vascn- 
larised  by  the  allantoic  vessels  which  rapidly  extend  throughont 
the  whole  of  the  chorionic  meaoblast. 

The  young  vim  are  small,  but  grow  rapidly  and  branch  repeatedly, 
as  they  project  into  the  decidua  capsidaris  and  decidua  baaalis. 
Their  function  is  to  obtain  nutriment  from  the  uterine  tissues.  In 
the  higher  mammals,  including  man,  they  destroy  and  eat  up  many 
of  the  cells  of  the  decidua,  and  gases  and  fluids  pass  through  them 
from  the  maternal  to  the  fcetal  blood,  and  vice  ^Dersd  In  some 
niammals,  however,  they  do  not  destroy  the  uterine  tissues^  and  in 
those  cases  they  absorb  the  uterine  milk,  which  is  secreted  by  the 
enlarged  uterine  glands. 

The  chorionic  villi  wiiich  penetrate  tha  decidua  capsularia  gradu- 
ally disappear  as  the  capsidaris  fuses  with  the  vera,  and  is  reduced  to 
a  thin  membrane;  but  the  villi  which  enter  the  decidua  basalis 
increase  enormously  in  size  and  complexity,  to  form  the  foetid  part  of 
the  placenta,  and  their  branches  hang  free  in  the  interiors  of  lai^e 
bloo<i  Riinises  which  are  filled  with  maternal  blood  (fig*  634), 

AlIaiitois,~The  allantois  h  an  outgrowth  from  the  ventral  portion 
of  the  posterior  part  t*f  the  primitive  alhnentary  canal,  and  it  consists 
of  a  hollow  process  of  hypoblast  covered  with  meso blast  (fig.  631, 12), 
In  the  lumiau  embryo  it  appears  at  a  very  early  period,  before  the 
amnion  has  separated  from  the  chorion^  and  it  conveys  the  allantoic 
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arteries  from  the  eml^rjo  to  the  chorion,  and  the  allantoic  vein  from 
the  chorion  to  the  embryOp  As  development  proceetls,  and  that  part 
of  the  chorion  in  contact  with  the  decitlua  basmlis  is  cimvcrted  into 
the  fcetal  part  of  the  placenta  (figs.  634  iv  637),  the  allantoic  blood- 
vessels in  the  choriou  gradually  disappear,  except  in  the  placental  area, 
where  they  grow  larger  till  hirth. 

At  first  the  allantois  is  very  short,  but,  as  the  amnion  distends  and 
the  embryo  passes  further  and  further  into  the  interior  of  the  enlarg- 
ing ovum,  it  is  elongated  into  a  cord  which,  together  with  the  remains 
of  the  yolk-sac,  is  surrounded  and  ensheathed  by  the  amnion ;  this 
conl  is  caUed  the  umbilical  cord  (fig,  634). 

In  the  human  subject  that  portion  of  the  allantois  which  lies  in 
the  umbilical  cord  consists  entirely  of  vascular  meso blast,  for  the 
hollow  pouch  of  hypoblast  ends  near  the  umbilicus;  but  in  some 
mammals  the  hypoblastic  diver ticiJuni  is  prolonged  to  the  inner  surface 
of  the  chorion,  In  man,  therefore,  the  umbilical  cord  consists  of — 
1,  An  outer  covering  of  amnion;  2,  a  core  of  modified  mesoblast 
derived  from  the  masoblast  of  the  allantois  and  the  wall  of  the  yolk- 
sac  ;  3|  the  remains  of  the  hypoblastie  portion  of  the  yolk-aao,  and 
4,  the  two  allantoic  arteries  and  the  allantoic  vein. 

In  the  early  stages  immediately  after  the  separation  of  the  amnion 
from  the  chorion,  the  embryo  and  its  amnion  are  attached  to  the 
chorion  by  the  allantois,  and  they  are  situated  in  a  space  which  is 
part  of  the  original  cmloniic  space  between  the  somatic  and  splanchnic 
mesoblaat  (figs.  635  to  637)^  This  space  is  continuous  with  the  ccslom 
in  the  embryo  at  the  mnbilical  orifice.  In  the  later  periods  it  is  entirely 
obliteratetl,  for  the  ajunion  is  distende*!  till  its  outer  surface  fuses 
with  the  inner  .surface  of  the  chorion;  and  at  the  same  time  the 
umbilical  cord  its  differentiated  as  the  distending  amnion  surrounds 
and  presses  together  the  allantgic  stalk  and  tlie  remains  of  the  yolk- 
sac  (fig.  634> 

At  birth,  on  account  of  the  contraction  of  the  walls  of  the  uterus 
and  the  pressure  of  the  surrounding  muscles,  the  Uquor  amnii  forces 
part  of  the  mcnifirane  formed  l>y  the  fusetl  anmion  and  chorion 
through  the  cervix  uteri,  which  is  gradually  distended.  When  the 
distension  is  sufficient,  the  membrane  ruptures,  the  liquor  amrdi 
escapes,  and  afterwards  the  child  is  forced  out.  It  still  remains  con- 
nected with  the  placenta  by  the  umbilical  cord  whicli  is  about  20 
inches  long,  and  this  connection  should  not  be  severed  for  a  few 
minutes,  in  order  that  as  much  blood  as  possible  may  be  aspirated 
from  the  foetal  part  of  the  placenta  into  the  ohild  as  breathing 
commences. 

After  the  chOd  is  expelled  the  contrtiction  of  the  uterine  wall  con- 
tinues and  the  placenta  is  separated  and  forced  out*  The  separation 
gmdually  extends  through  the  decidna,  along  the  line  of  the  stratum 
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Spongiosum,  and  the  fused  ehorion,  amnion  and  decidna  turned  inside 
out,  follow  the  placenta  to  which  thej  are  attached,  constituting,  with 
the  placenta,  the  after-birtli. 

After  the  umhihcal  cord  is  tied  and  sepaxatedj  the  umbilical 
arteries  inside  the  child  become  filled  with  blood-clot,  and  idtimatel; 
they  are  converted  into  fibrous  cords,  the  so-called  obliterated  hypo- 
gastric arteries,  and  at  the  same  time  the  allantois  is  also  converted 
into  a  fibrous  strand,  the  urachus,  which  extends  from  the  apex  of  the 
bladder  to  the  umbilicus. 

Development  of  the  Framework  of  the  Body. 

In  the  early  stagea  of  develupnient,  the  only  indication  of  a  frame- 
work or  skeleton  is  the  notochordal  rod  of  bypoblastic  calls,  which 
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2.  NotocboTi]. 
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ritjLii..^^  'IukthI  bluofl'^veBfteL 
,  ^ieraiogenous  pftrt  uf  pr^tovetl^bm, 
.  MuB^Jio  plate  i>art  of  protoverieb^. 
.  CuUnAaus  Immallfi  of  proutvertebni. 


extends  along  the  whole  length  of  the  dorsal  wall  of  the  primitive 
intestine  beneath  the  neural  tube,  its  anterior   end  being  situated 
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immediately  behind  the  position  where  the  pituitary  body  is  after- 
wm^ds  formed  In  mammals  the  notochord  disappears,  except  in  the 
C6iitrei>  uf  the  intervertebral  discs,  but  in  amphioxus  and  lampreys  it 
persists  as  a  permanent  skeletal  support,  and  in  theae  eases  it  closely 
resembles  cellular  cartilage  euelosed  in  a  fibrous  sheath.  It  is  com- 
posed of  a  very  insoluble  proteiii-like  substance,  which,  however,  is 
not  collagen.  Collagen  and  gelatin  (which  is  formed  from  collagen 
by  boiling),  are  characteristjc  of  true  connective  tissues  which  are 
formed  from  mesoblast;  the  notochord  is  hypoblastic.  The  noto- 
chord  contains  also,  like  all  embryonic  tissues,  a  large  quantity  of 
glycogen. 

The  rudiinents  from  which  the  axial  skeleton  of  the  body  is 
formed  aro  the  protovertebr^  or  mesoblastic  somites  (see  p.  844)- 
Each  protovertebra  separates  into  three  parts: — 1.  An  outer,  the 
cutaneous  lamella,  from  which  the  deeper  parts  of  the  skin  and  the 
subcutaneous  tissues  of  the  body  are  developed,  2.  A  middle  portion, 
the  muscle  plate.  From  the  muscle  plates  all  the  striped  muscles  of 
the  body,  with  the  exception  of  those  of  the  heart,  are  formed. 
3.  A  scleratogenous  segment.  The  scleratogenous  segments  fuse 
together  round  the  neural  tube  and  the  notochord,  and  in  this  way  a 
continuous  membranous  vertebral  column  is  formed.  This  is  cleft  on 
each  side  in  every  segment,  for  the  paaaage  of  the  ne^^^e*root8  and  the 
accompanying  blood-vessels.  Part  of  the  membranous  column  is 
converted  first  into  cartilaginous  and  afterwards  into  bony  vertebrae ; 
other  parts  are  transformed  into  intervejtebral  discs  and  ligaments, 
and  the  remaiuder  forms  the  membranes  which  line  the  spinal  canal 
and  surround  tlio  spinal  cord.  From  the  sides  of  the  vertebrae  the 
ribs  grow  outwards  and  forwards  in  the  thoracic  region,  and  some  of 
them  meet  together  in  front,  and  enter  into  the  formation  of  the 
sternum  or  breast-bone* 

The  Limbs.^Al  first  there  are  no  Hmbs,  and  then  they  jut  out  as 
buds  from  the  sides  of  the  body.  Each  consists  of  an  epi  bias  tic 
covering  and  a  core  of  meso blast.  The  central  part  of  the  mesoblast 
condenses  and  forms  the  cartilaginous  rudiments  of  the  bones  which 
afterwards  become  ossified,  and  it  also  forms  the  ligaments  which 
connect  the  bones  tegether.  Buds  from  the  muscle  plates,  oppo- 
site the  limbs,  grow  into  them  to  form  the  muscles,  and  nerves 
from  the  corresponding  segments  of  the  spinal  cord  enter  the  buds 
(tig.  642),  Blood* vessels  connected  with  the  vessels  of  the  body  also 
appear. 

The  Head. — In  the  early  stages  the  head  is  merely  a  rounded 
projection  developed  in  the  head  fold  of  the  embryo.  Its  aoterior  part 
is  Ixmt  sharply  downwards  in  front  of  the  anterior  end  of  the  body  in 
which  the  pericardimn  Ijas  been  formed,  and  the  cleft  between  the 
front  of  the  head  and  the  pericardium  is  the  stomadaeal  space   or 


858 


BFOEIjOPMKIIT 


[CH.  MX. 


primitive  nicniLli  cavity  (figs,  643.  644.  645).     At  this  time  there  ia 
no  neck,  but  from  the  posterior  part  of  the  head  to  the  side  of  the 
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7m*  H2,~t}\Egrw.m  of  h  tnnsv«raB  Hection  of  embryo  ftnti  ftmniDtir  nbowlng  «jict«ti)f ton  ormaicle  jilAlM^ 
radfmenUry  licnbcip  awd  tuembTftnrjaei  v^rteb™  oolutnn,  1,  Bplnil  cord  wltb  Berve-Tottta :  a, 
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dMCMtidtng  muTtA ;  I,  ctnlom  ;  5,  &mnioti  ciiVity ;  6|  primitive  Intaatriner;  7^  iiiiisd«  filmio  eit«ndtli£ 
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perieardium,  a  aeries  of  five  visceral  arches,  with  four  intermediato 
clcjfta,  extend  roimd  the  sides  of  the  foregut.  As  the  neck  furms,  the 
visoeral  arches  move  forward  witli  the  head,  and  tiieir  lower  ends  meet 
in  the  middle  line  of  the  neck  in  front  of  the 
anterior  end  of  the  hody;  thus  it  comes 
ahout  that  the  stoniadjEal  space  is  now 
bounded  laterally  and  below  hy  the  first  or 
mandibular  arches,  and  above  by  the  anterior 
part  of  the  head  wLiieh  is  called  the  fronto- 
nasal process.  The  teck  of  the  space  is 
bounded  for  a  time  by  a  tliin  membrane 
which  separates  the  foregut  froni  the  stoma- 
dfeum.  Just  iu  front  of  the  upper  end  of 
this  memljrane  a  diverticulum  projects  from 
the  stomadeeum  towards  the  brain — this  is 
Eathke's  |>ouch ;  it  meets  a  downgrowth  from 
the  brain  called  the  h}7>ophysis,  and  the  two  structures  unite  to  form 
the  two  lobes  of  the  pituitary  lx)dy.  Tlie  tnembrane  soon  disappears, 
and  the  primitive  mouth  and  the  foregut  form  a  continuous  cavity* 
In  the  meantime  two  olfactory  pits  have  appeared  on  the  under 
surface  of  the  fronto-nasal  process,  and  thej  gi'ow  Imck  int^  the  roof 
of  the  stomad<8um.  These  pits  cut  the  fronto-nasol  process  into 
throe  parts,  the  mesial  nasal  process  between  them,  and  the  lateral 


Fio.  643.— magimm  reproaioiititig 
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naaal  processes  at  the  sides.  Moreoyer,  two  little  projectionB,  the 
globular  processes,  grow  down  on  each  side  of  the  middle  line  from 
the  meaial  nasal  process.  At  this  period  the  upper  boundary  of 
the  orifice  of  the  stomadaiim  is  formed  by  the  two  globular  pro* 
ceases  separated  by  a  amall  cleft,  and  the  two  lateral  nasal  processes 
separated  from  the  globular  processes  by  the  olfactory  pits,  and  the 
sides  and  the  lower  boundary  of  the  orifice  are  formed  by  the  first  or 
mandibular  arches.  From  the  upper  ends  of  the  mandibular  arches 
the  maxillary  processes  grow  forwartls  immediately  beneath  the 
eyeballs  (which  have  appeared  on  the  sides  of  the  head),  and  as  they 


Fkj.  644  —BikgTAtn  <it  autjBTioT 
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manr^ibular  art;h  l  ll,  ai«]c* 
illary  proceu  of  mandibular 
anih  ;  12,  slobalmr  pTocau. ; 
IS,  lUMtal  {lAMl  tutMttM  ;  llj 
lausnl  nanl  prooeAs. 
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grow  they  pass  beneath  the  lateral  nasal  processes,  and  beneath  the 
anterior  ends  of  the  olfactory  depressions,  and  fuse  with  the  globuk^r 
processes  which  also  fuse  together.  Thus  the  orifice  of  the  stoma<iaeal 
apace  is  cut  into  tliree  parts,  the  two  nasal  orifices  and  the  moutlu 
The  upper  lip  is  formed  by  the  fused  globular  and  maxillary  processes, 
and  contains  three  lines  of  fusion—one  in  the  ini^ldle  lino  tetween 
the  globular  processes,  and  two  more  laterally  pLacal  between  the 
majcfllary  proceasea  and  the  globular  processes.  In  certain  cases  the 
fusions  do  not  take,  and  then  clefts  are  left  in  the  upper  lip,  and 
constitute  the  various  forms  of  harelip.  From  the  inner  parts  of  the 
maxillary  processes  of  opposite  aides,  f^alatal  ledges  grow  across  the 
atomadpaal  space ;  and  meeting  in  the  middle  line,  they  fuse  together 
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and  separate  the  tspace  into  an  upper  ar  nasal  and  a  lower  or  buccal 
apace.  If  the  palatal  ledges  fail  to  meet,  cleft  palate  reaulta,  A  cleft 
may  also  appear  between  the  nasal  orifice  and  the  conjunctival  sac,  as 
a  result  of  the  absence  of  fusion  between  the  maxillary  process  and 
the  lateral  nasal  process-  The  lower  boundary  of  the  mouth  orifice  ie 
formed  by  the  mandibular  arches. 

Both  the  tissues  of  the  fronto-uasal  process  and  those  of  the 
inantUbular  arches  t^ke  part  iu  the  formation  of  the  skeleton  of  the 
head.  The  notochord  extends  forwards  as  far  as  the  pituitary  body  in 
aU  vertebrates,  and  in  some,  protoverfcebral  somites  can  be  traced 
forwards  to  a  similar  point;  but  in  mammals  they  are  only  distinct 
behind  the  ear  in  the  occipital  region,  and  even  there  they  entirely 
disappear  at  an  early  period.     In    the   lower  vertebratea  a   bar  of 

cartilage  appears  at  e-ach  side  of  the 

notochord  in  the  he-ad;  these  aze 

tlie  parachordal  cartilages,  and  they 

soon  fuse  to  form  a  basilai'  plate  in 

wliich  the  notochord  is  embedded. 

®K^'^\1        l/^^^^NT'^     ^^  becomes  the  basi-occipital  and 

Mffo)         u  J^^P))  basi -sphenoid  bones.     In  mammals, 

W\^^  j         Y"^S[w^  the  parachordal  stage  is  eliminated, 

/    \  ^  3.  and  a  basilar  plate  ia   formed   at 

once.  In  front  of  the  liaailar  plate 
two  trabeculae  cranii  embrace  the 
pituitary  body  and  extend  forward 
into  the  fron  to-nasal  prrxjess,  where 
they  blend  together  to  form  an 
ethmo vomerine  plate;  and  from  this 
processes  ex  tend  down  on  each  aidop 
the  nasal  part  of  the  stomadBeal 
space  forming  the  rudimenta  of  the  ethmoid  and  inferior  turbinal 
bones,  and  a  mesial  process  descends  into  a  septum  which  has  grown 
down  from  the  under  surface  of  the  fronto-nasfil  process  and  united 
with  the  palate,  dividing  the  nasal  chamber  into  right  and  left  halves. 
In  this  the  vertical  plate  of  the  ethmoid  and  the  vomer  are  ossifietL 
The  posterior  parts  of  the  tral^eculjE  fuse  with  the  basilar  plate  and 
form  the  rudiment  of  the  presphenoid.  PoBteriorlj,  and  at  the  sides, 
cartilaginous  plates  grow  over  the  cerebral  vesicles ;  but  in  mammals 
the  occipital  region  alone  is  roofed  in  by  cartilage;  the  rest  of  the 
cranial  vault  being  formed  of  membrane  liones. 

From  the  sides  of  the  presphenoid,  the  lesser  wings  or  orbito- 
sphenoids  containing  the  optic  foramina  are  developed,  and  from  the 
sides  of  the  basi'Sphenoid  the  greater  %vings  or  alisphenoida  A 
cartilaginous  capsule  invests  the  auditory  vesicle,  and  becomes  oon- 
necued  to  the  parachordal  cartilage  on  each  side.     It  is  called  the 


Fia,  040,— mai^rmmfl  of  thv  «»rtl1sglicoaB 
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perif (tie  capsule ;  it  is  replaced  by  bone,  which  fjonstitutes  tho  petrous 
and  mastoid  port  ions  of  the  temporal  bone. 

Cartilaginous  bars  appear  in  the  visceral  arches,  and  from  tliat  lu 
the  mandibular  arch  on  each  side^ — Meckers  ciirtilage; — the  symphyeiR 
of  the  jaw,  the  malleus,  and  possibly  the  inous  are  formed,  Tlic 
stapes  is  the  result  of  a  separate  ossification  round  the  sta-ixnlial 
artery.  The  remainder  of  the  mandible  is  ossified  in  the  membrano 
around  the  mandibular  cartilage. 

From  the  second  bars  the  anterior  part  of  the  body  of  the  hyoid 
lx}ue,  its  smaO  corntia,  the  stylo-byoid  ligaments,  and  the  styloid  pro- 
cesses are  developed.  The  cartilages  of  the  third  arches  give  rise  to 
the  posterior  part  of  the  body  of  the  hyoid,  and  its  great  coniua ; 
the  cartilages  of  the  remaining  arches  take  part  in  the  formation  of 
the  cartOages  of  the  larynx. 

In  mammals  the  clefts  between  the  arches  are  merely  groovea 
which  do  not  communicate  with  the  cavity  of  tlie  f oregut,  as  they  do 
in  fishes  and  amphibians.  The  outer  depression  of  the  first  cleft  forms 
the  external  auditory  meatus,  and  the  inner  depression  is  convertea 
into  the  t}Tnpanic  cavity  and  the  Eustachian  tube.  The  r^mnifiing 
clefts  disappear.  u#t« 

The  cranial  nerves  are  also  associated  with  the  arches  ana  ctefti^ 
The  third  division  of  the  fifth  is  distributed  to  the  mandibiikrj^^ 
its  second  division  goes  to  the  maxillary  process,  and  its  first  mYiMM 
to  the  fron to-nasal  process.  The  seventh  is  the  nerve  of  the  r***"^- 
arch,  the  ninth  belongs  to  the  third  arch,  and  the  remaming 
are  associated  with  the  tenth  nerve. 

Development  of  the  Vascular  System. 

We  have  already  seen  that  at  an  early  stago  of  ^^^^*^"^^ 
vessels  begin  to  form  in  the  splanchnic  mesoblast  on  wm  wwi^ 

yolk-sac,  outside  the  embryo,  in  an  area  called    the ^^ 

Prom  the  cephalic  end  of  this  area  two  longitudinal  veeeeto  nm 
wards  through  the  embryonic  region,  and  they  ^'^^^^^^^^^ 
the  caudal  part  of  the  area  vasculosa  (fig.  647).     -A.9  toey  rtui 
embryonic  region,  which  is  Btill  outspread  on  tb©  ®^^*^  - 
they  pass  beneath  the  pericardium,  and  then  beneath^^  ^^^^^ 
of  the  protovertehroe,  not  far  from  the  sides  of  the  ^?J~t^ 
head  and   the  tail   folds  of   the  embryo    form.  .    j^ 
vascular  tubes  are  bent,  both  in  front  and    ^         V 
bending,  each  consists  of  five  ptarta     A  dorsal    p*^ 


along  the  dorsal  waU  of  the  alimentary  canal ;  two  ^^  ^^ 
in  front  of  the  umbilicus  and  one  behind  that  orifi*^' r"*^"^ 
cephalic  and  a  caudal,  connecting  the  dorsal  portion  ^^  ^^^^ 

the  anterior  and  posterior  ventral  portions  respect!  veiyi"J^  mmjiu}. 
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648).  The  blood  flowa  from  the  auterior  part  of  the  yolk-sac  wall  into 
the  anterior  ventral  parts  of  these  primitive  embryonic  vessels  by  two 
channels,  which  are  called  the  omphaio-m^enterv'  m-im.  The  anterior 
ventral  vessels  into  which  the  omphalo-mesent^ric  veins  pass^  lie,  now 


Fic)<  Q47.^DlApam  npreaeutLiif  tlie  amtigBmmit  cj>f  thtu  ptimltlvn  blood- vestota  before  tlm  aid bryo  U 
folded  off  trotn  the  ovtim^  1^  Priaijtivv  vms^]  of  l«Et  tide ;  X  pn^ovwl^hn ',  i,  Enlmmve  ttmk  i 
l»  vMcalar  iire«  erf  yalk-sac ;  (j,  non^vABuqUr  htka  t^f  yqlk^uc ;  Q,  HplmDchnlc  luesocklj^t :  T,  Bnm«tic 
mefloblji^t ;  Et  ej^lbliAt ;  ^,  |i«rle«nJiiiTU. 

that  the  folding  of  the  embryo  has  taken  place,  in  the  doraal  wall  of 
the  pericardium  and  on  the  ventral  wall  of  the  foregut ;  they  are  the 
primitive  heart  tubes,  and  their  anterior  ends  run  into  the  first 
cephalic  aortic  archea,  which  pass  round  the  sides  of  the  anterior  end 
of  the  foregut  into  the  primitive  dorsal  vessels,  A  little  later  the 
parts  of  the  anterior  ventral  vessels  in  front  of  the  hesart  are  con- 
nected with  the  dorsal  vessels  by  four  additional  arches,  one  in  each 
vLseeral  arch — that  is,  thei^  are  now  five  aortic  arches  on  each  side 
connecting  the  anterior  parts  of  the  ventral  with  the  anterior  parts  of 
the  dorsal  vesseb.  The  portions  of  the  ventral  vessels  which  lie  behind 
the  arches  in  the  dorsal  wall  of  the  pericardium  rapidly  enlarge,  and 
they  fuse  together  to  form  the  single  heart,  which  is  thus  for  a  time 
a  single  longitudinal  vessel  The  parts  of  the  ventral  and  dorsal 
veasela  immediately  behind  each  arch  are  called  the  roots  of  the  arch. 

In  mammals,  the  first  and  second  arches  disappear,  and  tlieir 
ventral  roots  become  the  external  carotid  artery.  The  third  arches 
and  the  dorsal  roots  of  the  first  and  second  arches  form  the  internal 
carotids.  The  dorsal  root  of  the  third  arch  disappears  on  each  side, 
and  the  ventral  root  forms  the  common  carotid  artery.    The  ventral 
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roat  of  the  right  fourth  arch  Ijeeoines  the  itinoininato  artery,  an*l 
the  arch  itaelf "  takes  part  hi  the  formation  of  the  right  Hiilxda vmn 
artery.  The  ilursal  roots  of  the  right  fourth  and  fiftli  arehi^H  ;iikI  tli*' 
ilorsal  part  of  the  fifth  arch  itself  disappear,  and  iho  v«r»tivil  \mr\ 
of  the  fifth  arch  becomes  the  right  pulmonary  artery.  T\u^  Mi  foiirtli 
arch,  with  its  dorsal  and  ventral  roots^ 
and  the  dorsal  root  of  the  left  fifth 
arch,  take  part  in  the  formation  ^>f  the 
arch  of  the  aorta.  The  left  fifth  arch 
persists  till  birth,  then  its  dorsal  pixt 
becomes  a  fibrous  cord,  the  ligamentum 
arteriosum,  and  its  ventral  part  forma 
the  left  pulmonary  artery  (fig.  650). 

The  five  aortio  arches  correspond 
with  the  gill  arteries  of  fishes,  but  in 
mammals  they  never  break  up  into 
capillaries,  as  in  the  fishes'  gills.  In 
amphibia  three  pairs  persist  tliroughoiit 
life.  In  reptiles  the  fourth  pair  re- 
mains throughout  life  as  the  permanent 
right  and  left  aortJB.  In  birds  the 
right  fourth  remains  as  the  permanent 
aorta,  curving  over  the  right  bronchus, 
whereas  in  mammals,  the  left  fourth 
arch  becomes  the  permanent  aorta, 
curving  over  the  left  bronchus. 

Behind  the  dorsal  roots  of  the  fifth 
arches  the  dorsal  longitudinal  vessels 
fuse  together,  as  far  back  as  the  lumbar 
region,  to   form  the  descending  aorta, 

and  the  lower  or  post'erior  end  of  this  arches  iotii  iti^ 

vessel  is  continued  at  first  through  the  ^^^       ^jg  which  * 
terior  ventral  portions  of  the  longitudinal   vess      t  ^j^^  ^ 
yolk-sac  (fig.  649).     As  soon  as"  the  aU^^^^^Ji,  to  itl  ^omA 
pt>sterior  ventral  vessels  gives  off  a  large   bra^  riow  the' 
of  the  origin  of  this  vessel  it  atrophies,  so  tlia-t     ^y^j,^,ig 
are  continued  through  the  caudal  arches  into  tt^  ^^^  ^^_ 
arteries,  wliich  carry  blof)d  to  the  placenta,  ^^  ^^^  yoj^, 
size  are  given  off  from  the  descending  aorta  ^^    j^  ^^j^ 
later  the  primary  caudal  arches,  wliich  lia   ^^^  ^h<?8,  n 
of  the  Wolffian  ducts,  ai'e  replaced  by  neW    ^^    ^f  '^ 
side  the  ducts,  and  connect  the  post^erior  ^^   -^^    i}^  ^ 
tudinal  vessels  %viLh  the  allantoic  arteries^       "^om  tb«'^«t^ 
hind  limbs  appear,  and  ^ch  receives  a  branch         ^ft& 
dorsal  vestal ;  this  is  the  external  iliac  artery* 
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the  part  of  the  dorsal  vessel  Ijetween  it  and  the  aorta  is  the  common 
iliac  arterj,  and  the  portion  of  the  dors^il  vessel  !>ehiiid  it*  together 
with  the  caudal  arch,  becomes  the  internal  iliac  or  hypogastric  artery. 
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Fiii.  &t9>— iJlagnm  reprwenting  ArTAngemftut  of  pt\mli\ve  bloofl-vessttli  of  left  t^de  of  embryo.  1,  Laft 
pilBilthrejugialiU'  vela  i  %  Ult  duct  of  Cuvlnr ;  B,  Inlt  MrdliiKl  vein ;  4,  protovBitehn  ;  h^  prlmHI'rt 
Tnt«ittike ;  IS,  cAud&l  aortic  arch  i  7,  ftUnntoic  or  umbiUcAl  urt^i^ ;  a,  p1iu»iit& ;  %  atrop^hlwl 
postsTior  rentnl  part  of  prlmitiTe  v«b$«1  ;  10,  jtoIIc-aac  artery  ^11*  yolk-s^c :  1!^  vuwiilmr  Atvt.  on 
yolk'sae ;  IS,  pericftrdlum  ;  14,  beut ;  Ifi,  qspliailc  aortic  azcb  ;  llS,  brain > 

This  is  continued  in  the  embryo  along  the  ventral  wall  of  the  body  as 
an  ambilical  artery  to  the  placenta. 

The  Heart. — The  simple  longitudinal  heart  soon  becomes  separ- 
atetl  by  three  transverse  constrictions  into  four  chambers,  wliich  are, 
from  behind  forwards,  the  sinus  venosus,  the  auricle,  the  ventricle,  and 
the  aortic  bulb  (figs,  651  and  652).  The  sinus  venosus  receives  the 
omphalo-mesenteric  and  other  veinSj  and  the  aortic  bulb  terminates 
in  the  fifth  arches  and  the  ventral  roots  of  the  fourth  arehee.  The 
Bin  us  venoBua  is  gradually  absorbed  into  the  auricle,  and  at  the  same 
time  the  heart  tube  bends  so  that  the  auricle  is  placed  behind  the 
ventricle  and  the  aortic  bulb — that  is,  between  them  and  the  wall 
of  the  foregut  (figs.  653  and  654).  As  soon  as  the  bending  is  com- 
pleted each  chamber  ia  divided  by  septa  into  right  and  left  halves, 
but  an  opening,  the  foramen  ovale,  remains  in  the  interauricular 
septum  till  aft^r  birth.  The  aortic  bulb  is  also  divided  into  two 
parts ;  one  of  these  is  connected  above  with  the  fifth  arches,  which 
become  the  pulmonary  arteries,  and  below  with  the  right  ventricle ; 
it  becomes,  therefore,  the  stem  of  the  pulmonary  artery.     The  other 


Fio.  6S0,— DI&gTmm  of  the  aortic  ar^Jsrai  iu  %  mAinniat,  slioiprlng  tmDitonnatloua  which  g!T&  tJso  to  tha 
permimeat  ftrterlal  yeaiok.  A,  Prfmitiva  urteri*!  «tem  gr  aortic  halb,  pow  divided  into  ^Jj  ^^ 
aacfluding  part  of  the  aortic  arch,  a&ii  p,  the  ptiUnotinry ;  o  n',  right  ai^l  **"^r/*^i/  /i?tt* 
X',  descenfliDg  aoftmj  1,  ^8,  4,  6,  th«  flvft  jirimltlve  aortic  or  hmniihlal  archw ;  ^IT^^J  {aI  W\m 
four  branchial  dnfta  whfoa,  for  the  jsake  of  cl Hamuli!,  liavfl  heen  oruitted  on  the  rwi^  "rST  of  tho 
p«rniaa«Dt  Hystemlc  TflUHlH  are  df^ply,  tlie  pulmqnjjy  ajteriea  lightly*  ihadfld;  the  P*?]~^  '  rjjt 
primitiva  arches  which  arc  traiisltorv  are  filmply  ootlirw^d ;  c,  placed  t»tw«ra  the  pero^au^^L 
oommoo  carotid  art«riea;  cr,  exttirQal  capotli  arteries;  ^i.  internal  citrOtW  ■™™; ♦-_;*„  Yh** 
aobdamD,  ri«iug  flrom  the  rigjit  aortic  root  bevQvd  th&  iiah  areh  i  if,  right  ^™?^h^r  ^1™ 
aaane.  oppostto  the  fourth  arch-  p*  t',  J«ft  vnnebral  and  mbclavlan  arteriw  *^"*KJ^f!jT™JtbSr 
thjd  left,  or  pennauent  aortic  nxit,  opposite  the  fourth  arcli ;  p^  pulmonary  aitftrim  ™3,^*!j7.  ^  « 
ffom  tb4  left  llflh  arch;  d,  outor  or  back  part  of  left  (ifth  wrh,  fonoii^g  <i«*^*'"*  ^f^rJlTnrSmt 

,  iS^diog  U,  ftor,t  of  aortic  c^ch,  with  jtHci;^o^ 


I 


pn,\  right  And  loft  pneumogaatriD  norrfm  «iJc«ceuuiM^  m  fruni, ul  uuiiiib  v^^i-^w  -----  thAjumnrrea 
Waiichea  repraittited  diagranjniaticallyai  paaalDg  behind,  to  illustrate  the  nslsitiotia  ^^  J;"!?^ "1  f^n 
raapacyvttly  to  thfl  right  (mbchiTiaa  artery  C<)  *n^  the  arch  of  tha  aorta  and  ductun  armnoBuu  k^j- 
(AUeti  TliOEiuon,  after  iiathke,) 

The  Veins.— The  veins  of  the  embryo  are:— 1.  The  omphalo- 
meBenteric,  which  caxry  blood  from  the  yoUc-sac  to  the  heart. 
2.  The  urabilicai  or  allantoic,  bearing  oxygenated  blood  from  the 
placenta  to  the  heart  3.  The  primitive  jugular  veins,  one  on  each 
aide  returning  blood  from  the  head,  neck,  and  upper  extreimtiea, 
4  The  cardinal  veins  returning  blood  from  the  body  v^^alls,  the 
Wolffian  Ixjtlies,  and  the  hbid  Uisibs.  5.  The  ducts  of  Guvier,  each  of 
which  receives  a  primitive  jugular  and  a  cardinal  vein.  Tli^s  aix  voms 
terminate  in  the  sinus  venosns,  and  the  blaod  passee  through  into 
the  auricle  (fig.  651).  Both  ducts  of  Cuvier  retain  their  connection 
with  the  auricle,  the  right  forming  the  lower  part  of  the  superior 
vena  cava,  and  the  left  the  obhque  vein  of  Marshall  in  man,  and  Uie 
lower  part  of  the  left  superior  cava  in  smue  mammals. 

The  upper  part  of  the  primitive  jugular  vein  on  each  Bide 
the  internal  jugular.     The  lower  part  on  the  right  side  bec3omai 
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riglit  innominate  vein,  and  the  upper  portion  of  the  superior  vena 
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Fio,  ti61'— Diagnm  repr«natiDg  in 
anterior  view  of  tho  primitive 
beart}  aortic  arcbw,  anci  tlieir 
roct«.  I,  Jlulbtis  artorioftua;  2, 
ventrielo;  8,  anrldo ;  4»  RttiQs 
VHDOiUH;  9t  dosoendtng  aortA ;  €, 
oinphalo-iiieaetiteric  vtln ;  7,  um- 
btucal  vain ;  fi,  duct  of  Caviar ; 
9,  donaJ  itnta  of  mintfc  ancliis ; 
IQj  T«tiW  rooti  of  aoiile  arobaa. 


Fifl,  553.-Di*gTiam  r«pr«H«iitiiig  a  «ld»  view  of  tli« 
pTiiEiltlv«  baart  with  tba  cephallo  aortic  arohaa 
and  thfilr  roota.  1,  Flnit  capoaJic  aortic  arah ;  2j, 
Rficoad  oepbulJct  aortli^  Kneh  i  S^  tbln)  wplLallc 
anrtlc  arcti^  4,  fotirth  caplialle  aort]Q  arch;  &« 
tlftb  caiilialir  noriic  arch  *  0,  bulbua  artflrliOfliit ; 
7j  vanbrli'lo ;  Ht  aiiride ;  Q,  slnua  voaoaua ;  10, 
omphalo-m«aent«QiG  veln^^);  U,  ¥«ntr«l  rooia 
qf  a^ntlc  arcbaa  ;  1%  dotvaJ  rpota  ^f  aortic  iLrcliaa; 
It,  deacaudtng  aorta. 


cava.     On  the  left  side  the  lower  part  helps  to  form  the  left  superior 
intercostal  vein. 


I^to.  Ck&ft.^Dlagram  n^ireaanytig  a  alio  vSav  of 
htATt  alter  It  baa  fulilwt  on  tts.«]f.  4,  Vtsnti^l 
rout  of  fonrtb  aortlir  arcti ;  t^  ttfih  aortic 
areh  ;  tJ,  biilljii'4  artarloaq*:  T,  veiJiiJole  ;  8» 
auricle  t  ti>  a^riua  venoana;  10^  laft  ompbaJo- 
meeentftric  vein* 


TiQ^  4ifii..^PlagTalii  npreaciitlng 
an  antajior  v|«w  of  tba  beart 
after  It  bait  folJed  on  Itnalf. 
ij  Ventral  root  of  fourth 
nurtk  art'ti ;  b^  llftb  awtlc 
arcb ;  Aj  t.iu]bua  aTtar1o«u« ; 
7*  TODtrldii ;  3|  anrjda. 


The  left  innominate  vein  is  a  transverse  anastomoais  betweaa  the 
primitive  jugular  veina      The  subcla^nan   veins  and   the  external 
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jugular  veins  are  new  formations,  the  former  \mng  developed   in 
aeaociation  with  the  gi'owth  of  the  upper  liuibs. 

The  c-ardinal  veins  receive  the  iutercngtal  and  himliar  veins  from 
the  walls  of  the  body,  and  the 
veins  from  the  Wolffian  bodies 
and  kidneys.  Below  the  point  of 
union  with  the  external  iliac  vein 
from  the  hind  hnib  the  cardinal 
vein  becomes  the  internal  iliac 
vein.  Above  the  external  iliac 
vein  the  right  cardinal  vein  forms 
the  right  common  iliac  vein,  and 
the  lower  part  of  the  inferior 
vena  cava  below  the  right  renal 
vein.  Above  the  right  renal  vein 
it  becomes  the  vena  azygos  major. 
The  parts  of  the  left  cardinal 
between  the  left  Inmbar  veins 
disappear,  and  blood  from  the 
left  lumbar  veins  and  the  left 
common  iliac  vein  is  carried 
across  to  the  right  cardinal,  and 
subsequently  to  the  inferior  vena 
cava  hj  a  series  of  transverse 
anastomosing  channels,  of  which 
the  lowest  tecomes  the  left  com- 
mon iliac  vein.  The  upper  part 
of  the  left  cardinal  vein  is  also 
broken  up,  and  its  remains  fonn 
the  vertical  parts  of  the  minor 
azygos  veins  and  lower  part  of 
the  left  superior  intercostal  vein. 
The  transverse  parts  of  the  minor 
azygos  veins  are  also  developed 
from  transverse  anastomosing 
channels  (fig.  655). 

In  the  early  stages  iKith  t!ie 
omphalo-mesenteric  and  the  right 
and  left  terminal  branches  of  the 
urabilioal  vein  end  in  the  heart. 
When  the  liver  forms,  the  om- 
phalo-mesenteric veins  end  in 
vensb    advehente.^,    which    break 

up  into  capilJarica  in  the  Hver,  and  the  capillaries  end  in  vea 
hentes,  wMeh  become  the  hepatic  veins  (fig.  656).     The  left 


*3^ 


Firs.  «Kp:a— Tlae  ^lifk  At*  tbo  iirlmitlve,  thfl  light 
till!)  lecondary  velitfl,  with  tba  excfpitoli  Qf  th« 
e3£t«iriiftl  iDd  J nt^nial  jugular  vaiiia.    Tiiin  (iftfk 
jxjrtLuiu  eut«rtTig  t!ie  ntnldoB  mrs  tlie  rcmilnt 
of  tbfi  pritnitivis  ducU  of  Cavler,    Tl»»  ditrk 
Ijurtlon  abuvia  «a«:h  duct  M  Cuvfw^  ««  fi^r  ia 
tbe  ext«mal  Uid  Internal  Jugular  vuiiu,  to  th« 
primitive  jagcitiii-  vQlti^  and  the  dmrk  portion 
telQW  tbft  duQt  of  CiiVier  ia  ths  e»rdift»l  v«i»i 
]i  fixtenial  Jugulir  vtm;  2m  lutamal  jugi].Iii.r 
v^ln ;  a,  aabcLHvljiii  vein ;  4^  Tight  tiinmnliialt 
vein ;  &»  suporlor  vena  e&va ;  e»  right  wrtptikm  \ 
itiiercmiMl  vBinx  7,  vena  axygoa  miuor;  t«  fl^'^ 
bfjiattc  vetu ;  9,  njvr'er  l^i^rt  of  Infarliir  vtfl 
cava;  10*  ronai  vising  11,  right  ecmmcm  UlM  1 
valti;  12,  rlg^t  exteftjal  niAc  Yi?in:  IS,  flilit 
Ffitflfiial  lHa<;  v«liii  14,  li*ft  iBfiojoloatA  noip  j 
l^t  kfl  ftup«r:or  Intercostal  vein  ;  10,  oUI^  ~ 
velb    of    ilaniball ;    iTj   v«iia   atygt^   aik 
■uperlitr  ■     l\s,    vena    ax^|^»    minor    lBli^0r|  1 
Wt  atToph1«d  part  cf  left  cafdlnal  v«lii ;  fOt,  Mi  i 
commou  Ilia?  vein ;  :a,  atirfck ;  ft,  4mI  of  1 
Cuvler. 
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vein  joina  the  right  Iiepatic  vein  to  form  a  comiaoii  trunk,  which 
beeomes  the  upper  end  of  the  inferior  vena  cava,  and  this  is  prolonged 
down  to  unite  with  the  right  cardinal  at  the  level  of  the  right  renal 
but  before  joining  the  right  cardinal  it  gives  ofif  a  branch  to  join 


vein: 


the  left  cardinal  at  the  level  of  the  left  renal  vein,  and  thus  the  blood 


.'i/u'  ::L^ 


?Q^ 
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P)o,  «fi6,— DUgAtD  sbowiJig  lh«  »nmiLe«ii]fiiit  lu^l  inuufoniuilao  of  lomft  of  t^  primltivt  v^im.  A, 
Early  itAgt  *  n,  ]ftt«r  itage.  1,  Pilmltiva  juguliT  vein  ;  'I^  duct  of  CnirtDr;  S,  c«r4ltiiil  vq|n  ;  4, 
rigliE  umbllii-al  vbIq  ;  b,  rtsht  omphjLlQ-meaeaterit'  vL<tn  ;  6,  common  ambfllcal  veia  ;  7,  sitLiLs 
vonosuB ;  S,  Uver :  ^3,  left  uiiuillic»l  rem  ;  W,  flglit  veiui  it!iVBb«iQ>  ;  U  Jeft  Ttuai  ravehaiut ;  12^  rigbt 
venii  ftdreUvoa  ;  IB,  l«lt  VftTA  advehtu. 

from  both  kidnejs  enters  the  inferior  vena  cava.  In  the  meantime 
two  transverse  anastomoses  have  formed  between  the  omphalo- 
mesenteric veins  below  the  liver,  and  still  lower  the  two  veins  fuse 
together;  thus  two  loops  are  formed  through  which  the  duodenum 
passes.  The  veins  from  the  intestine  open  into  the  fused  trunks,  and 
the  splenic  vein  enters  the  left  vein  at  the  level  of  the  lower  transverse 
anastomosis.  Subsequently  the  left  side  of  the  upper  and  the  right 
side  of  the  lower  loop  disappear,  and  the  portal  vein  is  produced  from 
the  remains.  In  the  meantime  the  right  umbiHcal  vein  has  disappeared, 
and  the  left  has  united  with  the  left  omplmlo-meseuteric  vein  at  the 
point  where  the  latter  ends  in  the  left  vena  adveheus.  From  this 
point  a  direct  channel  opens  up  beneath  the  liver  to  the  upper  part  of 
the  inferior  vena  cava;  this  is  the  ductus  venosus^and  it  conducts  the 
greater  part  of  the  oxygenated  blood  from  the  umbilical  vein  directly 
to  tlie  inferior  vena  cava,  and  so  to  the  right  auricle ;  but  part  of  the 
umbilical  blood  passes  into  the  liver  with  the  omphalo-mesenteric 
blood. 

A  pulmonary  vein  forms  and  carries  blood  from  the  lungs  to  the 
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left  auricla    It  ia  subBequently  replaced  first  by  two  veins,  one  from 
each  lung,  and  afterwards  four  veins,  two  from  each  lung. 


V. 
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.  0i5i'«-'DJB^Tmm  fupreaentiiig  »  iHtfir  almsa  in  the  dtiwloytnejit  of  tbe  vf^iiit  tlmu  that  iihown  in  ttg* 
aSfl.  ]„  PrlmitliVB  juppfiUr  vein  ;  y,  duct  of  Cuvier ;  5»  ujiper  part  of  carditial  vBtn,  now  verift  a^ygoii 
mi^or ;  0|  remain ji  of  light  lower  limb  O'f  loop  foftued  hy  fUnJoti  of  atnph&lo-EKi^E^nU^rjc  vetni ;  i^, 
aouimon  umbiiicfti  vein;  7,  sinus  vemoBUA:  ii,  livisr ;  OJi^ft  branch  of  ambSltcal  vftjn;  lO^rtghi 
hepatic  vein;  U.Jert  hepatic:  vein;  13,  right  vetia  A^h-«li6Dii :  I S^  left  vena  advehens;  14,  upp^r 
]*rt  of  inferior  vma,  r^va ;  15,  right  renal  v^in ;  16,  low»r  part  of  inferior  v«n*  cava  (c*rdlnal  vtln); 
17«  hiwd  parb  of  ocnphalo-mueDterir  velnt  13,  v«ln  fbim  alinnentary  canal ;  ID,  splanic  velo  ;  20, 
retoaioa  of  left  upper  iii^h  of  loop  birmtid  by  fuRJoii  of  i>izi[»hat<>ineient<nic  veins  ;    21,  duettui 


Circulation  of  Blood  en  the  Fcbtus 

The  circulation  of  blood  in  the  foetus  differs  considerably  from 
that  of  the  adult*  It  will  be  weUj  perhaps,  to  begin  its  deecription 
by  tracing  the  course  of  the  blood,  which,  after  being  carried  to  the 
placenta  by  the  two  umbilical  arteries,  has  returned,  oxygenated  and 
replenished,  to  the  fcBtua  by  the  Tunbilical  vein. 

It  is  at  first  conveyed  to  the  under  surface  of  the  liver,  and  there 
the  stream  is  divided,^ — a  part  of  the  blood  passing  straight  on  to  the 
inferior  vena  cava,  through  a  venous  canal  called  the  dtu'ius  vmmus, 
while  the  remainder  passes  into  the  portal  vein,  and  reaches  the 
inferior  vena  cava  after  circulating  through  the  liver*  Whether, 
however,  by  the  direct  route  through  the  ductus  venosus  or  by  the 
roundabout  way  through  the  liver,— ^all  the  blood  which  is  returned 
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froiD  the  placenta  by  the  umbilical  vein  reaches  the  inferior  vena 
cava  at  last,  and  is  carried  by  it  (together  with  the  blood  from  the 
lower  part  of  the  body  and  lower  limb^)  to  the  right  auricle  of  tiie 
heart,  into  which  cavity  is  also  pouring  the  blood  that  baa  circulated  in 


'%l/tft-t^I*  t^-tte*  C^P 
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Li*'ei*-A^ 


^-^JZy 


Fio»  6«i.^4>iifl]rmza  of  t&o  FteU!  CiiculAtioxu 


the  head  and  neck  and  arms,  and  has  been  brought  to  the  auricle  by  the 
euperior  vena  cava.  It  might  be  naturally  expected  that  the  two 
streams  of  blood  would  be  mingled  in  the  right  auricle,  but  such  ia 
not  the  case,  or  only  to  a  slight  extent.  The  blood  from  the  superior 
vena  cava— the  less  pure  fluid  of  the  two — passes  almost  exclusively 
into  the  right  ventricle,  through  the  auriculo-ventricular  openitig,  just 
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as  it  does  in  the  adult ;  while  the  blood  of  the  inferior  vena  cava  is 
directed  by  the  fold  of  the  lining  membrane  of  the  heart,  called  the 
Su^achian  valve,  through  the  foramen  ovale  into  the  left  auricle, 
whence  it  passes  into  the  left  ventricle,  and  out  of  this  into  the  aorta, 
and  thence  to  all  the  body,  but  chiefly  to  the  head  and  neck.  The 
blood  of  the  superior  vena  i3ava,  which,  as  before  said,  passes  into  the 
right  ventricle,  is  sent  out  from  there  in  small  amount  through  the 
p^dmonary  artery  to  the  lungs,  and  thence  to  the  left  auricle,  by  the 
pulmonary  veins,  as  in  the  adult.  The  greater  part,  however,  does 
not  go  to  the  lungs,  but  instead,  passes  through  a  canal,  the  dtLctus 
arimosus,  leading  from  the  pulmonary  artery  into  tho  aorta  just  below 
the  origin  of  the  three  great  vessels  which  supply  the  upper  parts  of 
the  hody ;  and  there  meeting  that  part  of  the  blood  of  the  inferior 
vena  cava  which  has  not  gone  into  these  large  vessels,  it  is  distributed 
with  it  to  the  trunk  and  other  parts — a  portion  passing  out  by  way 
of  the  two  umbilical  arteries  to  the  placenta.  From  the  placenta  it 
is  returned  by  the  umbilical  vein  to  the  under  surface  of  the  liver, 
from  which  the  description  started. 

Changes  after  Birth. — Immediately  after  birth  the  foramen  ovale 
begins  to  close,  and  so  do  the  ductus  arteriosus  and  ductus  venosns, 
as  well  as  the  umbilical  vessels;  the  closure  is  completed  in  a  few 
days,  so  that  the  circulation  then  taJces  the  course  it  traverses  for 
the  rest  of  life. 

Development  of  the  Nervous  System, 

The  nervous  aystem  originates  from  the  thickened  walls  of  the 
medullary  groove,  which  by  the  meeting  of  the  dorsal  ridges  is  con- 
verted into  the  medullary  canal  These  walls  are  composed  entirely 
of  epiblast.  The  anterior  part  of  this  mass  becomes  the  brain,  the 
rest  of  it  the  spinal  cord ;  the  canal  itself  is  seen  in  the  adult  as  the 
ventricles  of  the  brain  and  central  canal  of  the  spinal  cord.  The 
nerves  are  formed  of  epiblast  too ;  they  are  outgrowths  from  masses 
of  cells  called  neuroblasts,  the  primitive  nerve-cella  In  the  case, 
however,  of  the  olfactory  and  optic  nerves  we  have  not  to  deal  with 
solid  outgrowths,  but  with  hollow  protrusions  from  the  brain,  which 
become  soUd  at  a  later  stage. 

The  Spinal  Cord. — The  cavity  formed  by  the  closure  of  the 
neural  canal  soon  becomes  a  cleft  running  from  before  hack  wards.  It 
is  bounded  at  first  by  columnar  epithelium ;  these  cells  afterwards 
become  ciliated ;  on  their  exterior  is  a  homogeneous  basement  mem- 
brana  The  wall  soon  becomes  thicker,  and  the  basement  membrane 
is  thus  separated  further  and  further  from  the  central  canal  This 
increase  in  thickness  is  due  in  part  to  the  increase  in  length  of  the 
columnar  cells  which  are  called  spongwhlasts :  in  part  to  the  appear- 
ance of  new  cells.     The  inner  part  of  the  columnar  lining  retains 
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Fm.  Qtt&,^lasi/6r  ends  of  spcniiglD- 
bi&i^U  ^)t  with  germlDkl  cfllla 
(G)  botwroon  tbam,  NN|  nearo- 
bliuiLs  which  hmve  reatilted  Crota 
tK4  divfjilon.  of  B  germlaaL  call; 
If,  myokapoii^un]  formvcl  by 
Ibii  bna^iuig  oator  etidA  of  tbo 
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its  palisade-lLke  character,  and  forma  ultimately  the  Uning  epithelium 
of  the  central  canal.  The  externa]  ends  of  the  cells  break  up  into 
a  reticulum  called  the  myelospoTigium,  and  this  is  limited  externally 

by  the  basement  membrane  at  the  circum- 
ference. The  myelospongium  forms  the 
neuroglia. 

Between  the  inner  ends  of  the  epongio- 
blasta  (tig,  659,  S)  numerous  rounded  cells 
called  ffermvml  cells  (G)  next  appear.  These 
rapidly  divide,  and  so  form  neurohlmts  (N), 
The  neuroblasts  are  the  primitive  uerve*cella 
They  are  pear-shaped ;  each  has  a  large  oval 
nucleus,  and  its  tapering  stalk  becomes 
the  axis  cylinder  process  of  the  adult 
nerve-cell.  At  a  later  period  other  pro- 
cesses, the  dendrites,  grow  out  from  the 
cell-body.  The  nerve  sheaths  are  formed 
later. 

The  neuroblasts  coUect  into  groups,  one 
of  which,  especially  large,  ia  at  the  situation  of  the  future  anterior 
horn ;  the  processes  of  the  primitive  nerve-cells  pass  out  of  the  cord 
as  the  beginnings  of  the  anterior  roots  (fig.  660).  The  somewhat 
oblique  coursing  of  these  fibres  before  they  leave  the  cord  fonoa 
the  beginning  of  the  anterior  white  column.  The  posterior  white 
columns  simultaneously  begin  to  appear  on  each  side  of  the  narrow 
dorsal  part  of  the  canal.  They  are  formed  by  the  posterior  roota 
entering  the  cord. 

As  the  cornua  of  grey  matter  grow  out  from  the  central  mass,  the 
anterior  fissiu'e  and  the  posterior  septum  of  the  cord  begin  to  appear. 
The  anterior  or  ventral  fissure  is  simply  a  cleft  between  the  enlarg- 
ing lateral  halves  of  the  cord.  The  posterior  septum  is  formed  by  a 
condensation  of  the  neuroglia  in  the  dorsal  wall  of  the  neural  canal 
The  lateral  columns  are  formed  by  the  processes  from  the  cells  of 
the  cord  and  processes  from  neuroblasts  in  the  brain  which  grow 
down  in  the  sides  of  the  cord,  and  become  meduUated  at  a  later 
period.  The  membranes  and  blood-vessels  are  formed  from  mesoblast* 
Up  to  the  fourth  month  the  cord  and  vertebral  canal  increase  in 
length  pari  passu,  but  after  that,  the  vertebral  canal  grows  faster,  so 
that  at  birth  the  coccygeal  end  of  the  cord  is  opposite  the  third 
lumbar,  and  in  the  adult  opposite  the  first  lumbar  vertebra.  This 
gives  an  obliquity  to  the  lower  nerve  roots,  which,  together  with  the 
filum  tBrminalef  form  the  cavda  equina. 

The  Nerves.— Some  fibres  grow  from  the  spinal  cord  and  form 
the  anterior  roots  (p.  873,  fig.  660).  The  posterior  roots  are  formed 
in  the  following  way : — 
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ialands  of  epiblast.  each  of  which  contabs  numerous  neuroblasts ;  each 
island  forms  a  spinal  ganglion,  and  the  neuroblasts  within  it  become 
the  cells  of  that  ganglion.  Two  processes  grow  from  each  cell ;  one 
directed  towards  the  spinal  cord,  where  it  contributes  to  the  forma- 
tion of  the  posterior  wliite  column,  and  ultimately  arborises  around 
the  cellfl  of  the  grey  matter  at  a  Mgher  level.  The  other  grows  to 
the  periphery.  The  two  processes  become  blended  in  the  first  part 
of  theii"  course,  and  so  the  T-shaped  junction  is  formed  (fig,  661), 
Small  portions  segmented  off  from  the  spinal  ganglia  form  the 
eympathetic  ganglia. 

The  Brain. — The  histological  details  of  the  formation  of  the 
epithelium  of  the  ventricles  from  spongioblasts,  of  neuroglia  from 
the  myelospongium,  of  nerve-cells  from  neuroblasts,  and  of  the 
nerve-fibres  of  the  white  matter  and   of  the  nerves  as   the  out- 
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FlQ«  062,— Early  iUge*  Ih  dflvelopmaiai  of  hulniLt)  brAlii  (tn«^lilad)»  1^  3,  ft,  Mm  fron^  ui  embryo  i^tmt 
urun  weekn  old]  4,  atiput  three  moatba  old,  m*  Mlddla  c«r«brAl  vesklo  (m^neneepbalciii)  ;  c,  ixten 
beUum;  mo,  medqlU  ubluugatftl  i  (in  flg.  3)i  dlencfipb&lon ;  li,  teleUfTf^pbaloii ;  i\  inftinrlfbattini ; 
flf,  $«liowa  tbti  aov^eml  curvetfl  wblch  occur  In  tlie  CQurws  of  developmfttit;  H^.  4  ii  a  latera)  viuwj 
Mho  wing  the  gmit  ^nlugefiivnt  of  the  cerebrnl  b^mlapboTtw  wblcti  tiaTB  ^Tci«d  In  the  tbi^ltiolp 
leaving  tlie  optic  lobest  w,  umTQ^erod*    (Kolllkni',) 

^.i^^^In  flg.  3  tbe  line  i  tennliiAtttB  In  tbo  rli^lit  becnicphon;  tt  oa^t  to  be  oODtlimed  into  Ibn 
*lt«n^pbalon. 

growths  from  the  neurohlasts,  are  all  essentially  the  same^  as  already 
described  in  connection  with  the  spinal  cord.  Ent  the  grosser 
aimtomical  details  differ. 

The  front  portion  of  the  medullary  canal  is  almost  from  the  first . 
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widened  out  and  divided  into  three  vesicles.  From  the  anterior 
vesicle  the  two  primary  optic  vesicles  are  budded  off  lateiully :  their 
further  history  will  be  traced  in  the  next  section.  Somewhat  ktar 
the  same  vesicle  divides  into  two,  and  thus  the  telencephalon  and 
diencephalon  are  formed. 

In  the  dorsal  wall  of  the  posterior  (third)  cerebral  veside,  a 
thickening  appears  (rudimentary  cerebellum)  which  becomes  separateil 
from  the  rest  of  the^  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (tig.  662). 
(L)  A  sharp  bend  of  the  whole  cerebral  mass  downwards  round  the 
end  of  the  notochord,  by  which  the  anterior  vesicle,  which  was  the 
highest  of  the  three,  is  bent  downwards,  a]id  the  middle  one  f  omen 
to  occupy  the  highest  position.  (2.)  A  sharp  bend,  with  the 
convexity  forwards,  which  runs  in  beneath  the  rudimentary  cere- 
bellum separating  it  from  the  medulla 

Thus,  five  fundamental  parts  of  the  foBtal  brain  may  be  distin* 
guished,  which,  together  with  the  parts  developed  from  thom,  may 
be  presented  in  the  foDowing  tabular  view: — 


Table  of  Pahi^  i>EVEUj»"m>  raoM  FijNnAMENTAL  Paki'«  or  Hmain. 


.  Anterior 

Primary 

Veside. 


First  Secondary  Vesicle, 
Telencephalon!  or  Fope^ 
brain. 


See 
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brain 


Anterior  end  of  third  ventrkUv 
fommai  of  Monro t  lateral  vim* 
trideSf  cerebnl  lieMiisnlLriTii, 
corpora  s  i  riata ,  ( 'orpus  cal  Umti  Hi , 
fornix »  latcml  ventriclrji,  oHar- 
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^  optic  nerve  and  retioa, 

infuniUbuLum. 


tory  bulb, 
■ond  Secondary  Vesicle,  i^^^^^^l  *^PtiH,  pineal  gland 
lienc-ephalon,orTwixt-i     9^  ^t^Jtary  Udy,  Uiird 
.-ain  (     tricle,  opbc  nerve  and  r 


TI.  Middle  f  Third  Secondary  Vesicle/i  ^  ,  .        .  ^.^ 

Primary     {     Mesencephalon,  or  Mid-  ^^n>om^    quadngemina,      mim 
Vesicle.      \     brain.  )     t^erebn,  aqueduct  ol  Sylvius. 

in.  Posterior  (^''^^  a^ondaiy  Vesicle,  \  Fourth 
I      nr  Meteiic^ephalon.  f     trick. 

I  Fifth    Secondary 


and 


Primary 

Vesicle. 


ven-  ( Cerel>elltiin 

.      ^. I     Pons.  ^, 

-    .    Vesicle,  \  Fouri:h     ven*  j  Medulla        t'**^*^" 

or  Mydeneephalon,  /     tricle.  \     gat^ 


The  cerebral  hemiapheres  formed  bv  tbe  bifurcation  of  the 
telencephalon  grow  rapidly  upwards  and  backwards,  while  from 
their  inferior  surfaces  the  olfactory  bulbs  bud  out.  The  mwtUs 
cerebral  vesicle  (mesencephalon)  for  some  time  is  the  most  pro- 
minent part  of  the  foetal  brain,  and  in  fishes,  amphibia,  a-^d  rupww* 

it  rGmftina   nnr^nvArArl  tKi-nnryK    Kfo   a»  i\^.^  ^«^*;-r.  i^^K^o        Uut   II*  WW 

\o\m  ^tHt 


it  remains  uncovered  through  life  as  the  optic  lobes. 
the   growing  cerebral    heniiapheree    thrust    the  optic 
laterally,  and  in  mammalia  completely  overlap  them.  . 

cjroui 


lower  mammaha  the  backward 
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raonkeya  and  man,  they  grow  still  further  back,  until  they  completely 
tsover  in  the  cerebellum,  so  that  on  looking  down  on  the  brain  from 

above,  the  cerebellum  is  quite  con- 
cealed from  view.  The  surface  of 
the  hemispheres  is  at  first  quite 
smooth,  but  as  early  as  the  third 
month  the  great  Sylvian  fissure 
begins  to  be  formed  (fig.  663). 

The  next  to  appear  is  the 
parieto  -  occipital  fissure ;  these 
two  great  fissures,  unlike  the  rest 
of  the  sulci,  are  formed  by 
curving  round  of  the  whole  cere-^ 
bral  mass. 

In  the  fifth  month  the  fissu 
of  Bolando  appears:  from  this 
time  till  the  end  of  foBtal  life  the 
brain  grows  rapidly  in  size,  and 
the  convolutions  appear  ia  quick  succession ;  first  the  great  primary 
ones  are  sketched  out,  then  the  secondary  ones.  The  commissures 
of  the  brain,  and  the  corpus  callosum,  are  developed  by  the  growth 
of  fibres  across  the  middle  lina 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  lateral  ventricles. 

Tlie  Bye, — Soon  after   the    first   three  cerebral   vesicles   ha¥ 
become  distinct  from  each  other,  the  anterior  one  sends  out  a  later 
vesicle  from  each  side  (primary  optic  vesicle),  which   grows   out^ 
towards  the  free  surface,  its  cavity  communicating  with  that  of  the 


Fit).  6d9.— Sidfl  view  of  roeUl  brain  ftt  bIx  nicntbA, 
showtng  coiiim«nc("iiifiii^  of  fDrm*tloa  of  the 
piiueipill  llMijrra  Ktirj  cotivolQtlODi.  Ft  Fratiliil 
lobe;  P^  ptrleUl;  O,  occlplUJ;  T,  tampon! ^ 
ti  a  a^  cornmctiiciog  fmotal  mnTDlnttami  ^ 
jfj  SjjlTlWi  fissure;  ^,  its  ititerkir  dMsloo; 
e,  whh\n  It  %h«  oentiml  lobn  or  i«ii,nd  of  El«II^ 
Tj  flHure  of  Rolmudoi  f,  parleto-occlplt*!  fls- 
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Fio.  664.— Loi5gltii<lIiial  iecUon  of  tbe  primary  optic  T^Blcle  in  the  cUick*  in»Enlfl«|  (from  n«EQ*k>.— A, 
from  jtn  PEnbiyo  of  sixty*flve  hourn;  B,  «  fpw  b^urs  latfir;  C,  of  tbct  fourib  A^y;  r^  Ifafi  txsroB&a 
l^yfir  or  eplderini^,  pT«6CTitiD|;  In  A  the  op^ti  depression  for  tbe  Lena,  which  iAc1o»ed  in  B  And  C; 
I,  thft  k'^ns  follicle  uid  Ipn*;  pr,  thu  primary  opllc  vesicle;  lb  A  and  H,  tb«  i**Kilf:Ie  whJah  fonni 
the  optic  iiorve  in  Hhowii ;  Id  Ci  the  aectlon  beiipg  tci  tbe  Mide  of  tho  pi>«^icliH,  tho  UtteJ*  is  not,  ab 
V,  the  aecondiury  opttc  veilcle  and  vHreoui  hdmonr. 

cerebral  vesicle  through  the  canal  in  its  pedicle.     It  remains  ©53) 
nected  to  the  dieneephalon.      It  is  soon  met  and  invaginated 
an  ingrowing  process  from  the  epiblast  of  the  surface  (fig.  6€4| 
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This  procees  of  the  epiblaat  is  at  first  a  depression,  which  ultimately 
becomes  closed  in  at  the  edges  bo  as  to  produce  a  hollow  baU,  which 
is  thus  completely  severed  from  the  epidermis  with  which  it  was 
originally  contiiiuoua  From  this  hollow  ball  the  cryatalliiie  lens  is 
developed.  The  way  in  which  this  occurs  has  been  described  in  a 
previous  chapter  (see  p.  782),  As  the  lens  grows  inwards,  the  anterior 
wall  of  the  primary  optic  vesicle  is  forced  b^k  nearly  into  contact  with 
the  poBterior,  and  thus  the  primary  optic  vesicle  is  almost  obliterated. 
The  cells  in  the  anterior  wall  of  the  optic  vesicle  are  much  longer 
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Pio«  fi05^— tHftgruam^tle  tkcibch  of  a  TBrtfcal 
lanf^tudluAl  iecllQD  iliroogb  ttie  eyeball  of  a 
human  kt't^m  qT  foiir  wetka,  Tti«  sAcilon  )i  a 
UtUe  to  tb9  sid^t  HO  ai  to  «Told  passing 
throagh  ihA  Dcalar  f  Iftft ;  e,  tha  cutJde  wbere 
II  bficonifls  later  thf)  corneal:  qpithsUum  \  J^ 
tb9  l^oa;  cp,  aptScs  nc^rve  fcrmed  by  |ha 
pedlclQ  of  the  prloiary  optic  VMtcle ;  vp^ 
primary  medullary  cavity  or  opifc  vftaiclif ;  p^ 
llifl  ttlgnieDt  layer  of  tbe  retina  ;  r,  tlfiH  Laua-r 
vill  Ibmiitig  til  a  i^inaiulne  )iiy«m  of  tbt 
retina  ;  ps,  Jieconrki^'  optic  v«!i1cte'  ra>n talking 
iho  rud,[m4»nt  of  tbo  vjtrwoa  boinoun     x  100. 


Flo*  feO.—Traria  verse  vertical  aaotlcxB  of 
tha  flyfl^mll  of  a  buman  emtnyo  of 
ftfUf  wvoks.  ThA  antf;rior  bAU  of 
tbiB  Mctlon  li  ri?pr««vt]t«i] :  pr.  tb« 
ramajua  of  thti  c*vlty  of  the  primary 
optic  v«lcle ;  p,  IIlb  Innex  jiart  of  tho 
Dutor  lay0r  fomiing  ttan  rtititial  plg- 
mont;  r,  tb«  tbiekeDed  toiteT  part 
dvlng  Tin  to  \km  olbtr  Rtiudmittt  of 
toB  zntoa ;  v,  tba  commaoGliig  vltn- 
am  liufnooi-  witliEn  tbo  lecoodftry 
optic  VHlcia;  r^^  tbe  oculac-  cleft 
tbroogb  whidb  tbu  loop  of  tla  a  central 
blood- v«aMel,  Hj  project4  from  l«]ow ; 
I,  the  l«De  with  a  central  i^vity.  x 
100.    (Ku]llK«r.) 


than  those  of  the  posterior  wall ;  from  the  former  all  the  layers  of 
the  retina  are  developed,  except  the  layer  of  pigment  cells  which  is 
formed  from  the  latter. 

The  cup-shaped  hollow  in  which  the  lens  is  now  lodged  is  termed 
the  secondary  optic  vesicle;  its  walls  are  complete  except  below 
where  a  slit  exists^  known  as  the  choroidal  fissure. 

The  cavity  of  the  secondary  optic  cup  is  filled  by  processes  of  the 
neuroglia  cells  of  the  retina.  Amidst  these  a  process  of  vascular 
mesoblast  projects  through  the  choroidal  fissure,  and  by  the  union  of 
the  two  the  vitreous  humour,  the  lens  capsule,  and  the  capsulo-pupillary 
membrane  are  formed.  In  mammals  the  mesoblastic  process  projects ^ 
not  only  into  the  secondary  optic  vesiclep  but  also  into  the  pedicle  of 
the  primary  optic  vesicle,  invaginating  it  for  some  distance  from 
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beneath,  and  thiia  carrying  up  the  arteria  cmitralis  rdince  into  its 
permanent  position  in  the  centre  of  the  optic  nerve, 

Thia  invagination  of  the  optic  nerve  does  not  occur  in  birds,  and 
consequently  no  arteria  centralis  retinae  exists  in  them*  But  they 
possess  an  important  pennanent  relic  of  the  original  protrusion  of 
the  mesoblaat  through  the  choroidal  fissure,  in  the  pmtm^  while  a 
remnant  of  the  same  fissure  sometimes  occujb  in  man  under  the  name 
ooloboma  iridis.  The  cavity  of  the  priuiary  optic  vesicle  becomes 
completely  obliterated,  and  the  rods  and  cones  get  into  apposition 
with  the  pigment  layer  of  the  retina.  The  inner  segments  of  the  rods 
are  the  first  formed,  then  the  outer.  The  cavity  of  the  pedicle  dis- 
appears and  the  solid  optic  nerve  is  formed.  Meanwhile  the  cavity  in 
the  centre  of  the  primitive  lens  becomes  filled  up  by  the  growth  of 
fibres  from  its  posterior  wall.  The  epithelium  of  the  cornea  is 
developed  from  the  epiblast,  while  the  corneal  tissue  proper  is  derived 
from  the  mesoblast  which  intervenes  between  the  epiblast  and  the 
primitive  lens  which  was  originally  continuous  with  it.  The  sclerotic 
coat  is  developed  round  the  eyeball  from  the  general  mesoblast  in 
which  it  is  imbedded.  The  choroid  is  developed  from  the  mesoblast 
on  the  outside  of  the  optic  cup,  and  the  iris  by  the  growing  forwards 
of  the  anterior  edge  of  the  optic  cup.  The  ciliary  processes  arise  from 
the  hypertrophy  of  the  edge  ol  the  optic  cup,  which  forms  foldjs  into 
which  the  choroidal  mesoblast  grows,  and  in  which  blood-vessela  and 
pigment-cells  develop. 

The  iris  is  completed  rather  lata  It  is  formed  by  the  anterior 
part  of  the  optic  cup,  accompanied  by  a  layer  of  mesoWast  from  the 
anterior  part  of  the  choroid,  projecting  inwards  between  the  lem 
and  the  cornea.  In  the  eye  of  a  mammalian  fcBtus,  the  pupi]  is 
closed  by  a  delicate  membrane,  the  mmthrana  pupillaris^  which 
forms  the  front  portion  of  a  highly  vascular  membrane  that 
surrounds  the  lens,  and  is  named  the  mmnbrana  capmilo-pu^iUarit 
It  is  supplied  with  blood  by  a  branch  of  the  arisria  cmiiraiii 
reiincSj  which  passes  forwards  to  the  back  of  the  lens,  and  there 
subdivides.  Thia  branch  of  the  arteria  centralis  is  obliterated  in  the 
adult,  and  is  then  called  the  canal  of  Stilling.  The  membrana  eapsnlo- 
pupillaris  disappears  in  the  human  subject  a  short  time  before  birtL 

The  eyelids  of  the  human  subject  and  mammiferous  animals,  like 
those  of  birds,  are  first  developed  in  the  form  of  folds.  They 
extend  over  the  globe  of  the  eye  until  they  meet  and  become  firndj 
agglutinated  to  each  other.  But  before  birth,  or  in  the  carnivora 
after  birth,  they  aepamte. 

The  Ear. — ^Very  early  in  the  development  of  the  embryo  a 
depression  or  ingrowth  of  the  epiblast  occurs  on  each  side  of  the  head, 
which  deepens  and  soon  becomes  a  closed  follicle.  This  primary 
otic  imicl$  sinks  down  to  the  side  of  the  hind* brain ;  from  it  are 


[cH.  lcl]        dstelopment  of  thb  aumkntaby  canal 


879 


» 


developed  the  epithelial  lining  of  the  membranom  labyrinth  of 
the  internal  ear,  consisting  of  the  utricle,  eaccule,  the  aemicirGular 
canals  and  the  scala  media  of  the  cochlea.  The  surrounding 
mesoblast  gives  rise  to  the  various  fibrous  bony  and  cartilaginous 
parts  which  complete  and  enclose  this  membranous  labyrinth,  the 
bony  semicircular  canals,  the  walls  of  the  cochlea  with  its  acala  vesti- 
buU  and  seala  tympani. 

The  Eustacluan  tube,  the  cavity  of  the  tympanum,  and  the 
external  auditory  passage,  are  the  remains  of  the  first  or  hyo- 
mandibular  cleft.  The  membrana  tympani  divides  the  cavity  of  this 
cleft  into  the  tympanum,  and  the  external  meatus,  The  mucous 
membrane  of  the  pharynx,  which  is  prolonged  in  the  form  of  a  diver- 
ticulum through  the  Eustachian  tube  into  the  tympanum,  and  the 
esEtemal  cutaneous  system  come  into  relation  with  each  other  at  this 
point;  the  two  structures  are  separated  only  by  the  membrane  of 
the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of  integu- 
ment in  the  neighbourhood  of  the  first  and  second  visceral  arches, 
and  probably  corresponds  to  the  gill-cover  (operculum)  in  fishes. 

The  Nose, — The  nose  originates,  like  the  eye  and  ear,  in  a  depres- 
sion of  the  superficial  epiblast  at  each  side  of  the  fronto-nasal  process 
(primary  olfactory  pit),  which  is  at  first  in  front  of  the  cavity  of  the 
primitive  mouth,  and  gradually  extends  backwards  into  its  roof 
(p.  859). 

The  olfactory  bulbs  of  the  brain  lie  in  close  relation  with  the 
roofs  of  the  olfactory  pits,  and  the  olfactory  nerves  are  out- 
growths from  special  bipolar  nerve-cells  imbedded  in  the  epithelium 
of  the  pit  (see  p.  748). 

Development  of  the  Alimentary  Canal. 

The  alimentary  canal  in  the  earliest  stages  of  its  development 
consists  of  three  parts — the  fore-  and  hind-gut  ending  blindly  at  each 
end  of  the  body,  and  a  middle  segment  which  communicates  freely 
on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the 
vitelline  or  omphalo-mesenteric  duct. 

From  the  fore-gut  are  formed  the  lower  and  back  part  of  the 
mouth,  the  pharynx,  oesophagus,  stomach,  and  first  and  second  parte 
of  the  duodenum;  from  the  hind-gut,  the  lower  end  of  the  colon,  the 
rectum,  the  bladder,  the  urethra  in  the  femalOi  and  part  of  the ' 
urethra  in  the  male.  The  upper  and  front  part  of  the  mouth, ' 
and  the  nasal  chambers  are  developed  from  the  stomadssal  space 
(p.  859). 

At  the  other  end  of  the  alimentary  canal  the  anus  is  formed  by 
a  circular  elevation  of  the  surface  tissues  and  the  breaking  down  of 
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the  septum  which  separates  the  posterior  end  of  the  hind-gnt  from 
the  exterior.  When  the  septum  does  not  hreak  down,  or  when 
the  posterior  part  of  the  hind*giit  ia  abnormally  obliterateii,  the 
condition  known  as  imperforate  anus  results. 

The  middle  portion  of  the  digestive  canal  becomes  more  and  more 
closed  in,  till  its  wide  communication  with  the  yolk-sac  becomes 
narrowed  down  to  a  small  duet  (viteUine),    This  duct  usually  com- 
pletely diaappeajrs  in  the  adults  but  occasionally  the  proximal  portion 
remains  as  a  diverticulum  from  the  intestine,  Meckera  diverticului^^ 
Sometimes  a  remnant  of  the  divertieulum   forms  a   fibrous  codj^^ 
which  connects  a  part  of  the  intestine  to  the  umbilieus.     Such  i^^ 
cord  has  been  known  to  cause,  in  after-life,  strangulation  of  the 
bowel  and  death* 

The  primitive  alimentary  oanal  lies  in  the  form  of  a  straight  tube 
close  beneath  the  vertebral  column,  but  it  gradually  becomes  long, 
convoluted,  and  divided  into  its  special  parts,  stomach,  small  intestine, 
and  large  intestine  (fig.  667),  and  at  the  same  time  comes  to  be 
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Fio.  MT.^-OtLiUiieB  of  ih^  fomi  mud  poattlDD  of  tbo  ntfunent&ry  enQAt  iti  aucc^esslve  Qt^«  of  lU^dwfttop- 
mvait.  A,  AUmetiUry  cuiml,  fltc.,  jp  an  i^mbryo  of  Ibnr  wteks ;  B,  at  »ix  weeki ;  C*  ftb  ttight  wnki; 
It  tiM  primitive  Iting^  corm6ctw^  iwltb  ilid  |ihair>iii  ■  j,  the  Ntomicb ;  d^  itticidanuia  ■  I,  tli«  ssuU 
fQb«fitt^ii;  i't  tbe  largi?  Intestine;  e,  Uni'  caecum  ant)  V^ermlfbrm  appi#urlA^;  r^  thft  nsclum;  d,  ia 
A,  th«  oloftca;  at  Iti  B,  thftftnun  diiitLnpt  rrom  n,  tht  nlau^  ^to-gmlWU:  t*,  the  rolk-Kiu:,  n,  tltf 
vfbeU(^int««tltial  duct;  n,  tbe  uiiuary  bladder  ind  nrocliiu  ludbig  to  tbe  mlUtitols;  jr.  ^latttai 
cIucU.    (Alien  TtioniJHin.) 

suspended  in  the  abdominal  cavity  by  means  of  a  lengthening 
mesentery,  formed  from  the  splanchnopleur,  which  attaches  it  to  the 
vertebral  column.  The  stomach  originally  has  the  same  direction  as 
the  rest  of  the  canal ;  its  cardiac  extremity  being  superior,  its  pylonie 
inferior.    The  changes   of  position  which  succeed  may  be   readily 
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understood  from  the  accompanying  figure  (fig,  667).  The  principal 
glaada  in  CDBnection  with  the  intestinal  canal  are  the  salivary 
glands,  pancreas,  and  the  liver, 

SaUvaj^  Glands, — In  mammalia,  each  salivary  gland  first 
appears  as  a  bud-like  process  of  epithelium  lying  in  a  mass  of 
mesoblaat,  and  continuous  with  the  epithelium  of  the  mouth.  As 
the  development  of  the  gland  advances,  the  bud  grows,  ramifies, 
and  becomes  hollow.  The  submaxillary  and  sublingual  glands  are 
developed  exactly  in  the  Bame  way,  and  their  cells  are  derived  from 
the  hypoblast  lining  the  fore-gut,  while  those  of  the  parotid  glands 
are  formed  from  the  epiblast  lining  the  stomadaum.  In  all  cases 
the  blood-vessels  and  connective  tissues  are  formed  from  the 
mesoblaat  into  which  the  glandular  structure  grows. 

The  Liver  and  Pancreas. — The  secreting  portions  of  tlie  liver 
and  pancreas  are  also  developed  as  diverticula  from  the  alimentary 
canal,  and  they  are  essentially  similar  to  the  diverticula  which  form 
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Flo.  etee.^A,  &,  d  n,  ^heijiitic  repreMntntlQui  of  fDor  iUgiui  la  th(^  daY«»lop[nAtii  of  tb«  liver  Atid 
pMcrcM.  E  (fcfter  Stoa*,  tnudmed),  ^lia^iam  of  a  traUBvena  ik&ctlotj  llimugh  the  rofu^giiL  In  tba 
raglfMi  of  tbe  hn^hfctQ-imiicreatic  ilivcrtit.nilum. 
M.  ^  djf)grain  KJ,  AortA.  dp*  Donuil  jLAncre&tic  dlvertlcultim.  d^i  OuL-t  of  BuiiorlslH.  t*lr, 
Duct  of  Wlraang*  «,  Oftll  bta(l4(?r.  i.  Intestine,  t,  Eadimeot  of  Il?i)r.  lm>,  llcpsto-paJicTtuitIo 
dlvftrtjculum.  Kj  >'i>t<K^lir.>nL  V,  Pl«uro.pQrltonMl  cavity,  t,  Sloni»ch*  ir»  Spmftt  card*  vf, 
Vvntral  pancTiMktIe  dlv^rtlcuhitti, 

the  secreting  parts  of  the  salivary  glands,  but  there  are  special  points 
about  the  development  of  the  two  abdominal  glands  which  require 
particular  consideration.  The  liver  is  formed  bj  a  primarily  single 
diverticulum  from  the  ventral  wall  of  the  posterior  part  of  the  fore- 
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gut^  and  the  panoreaa  by  two  diverticula^  a  dorsal  which  springs 
from  the  dorsal  wall  of  the  gut  oppoaite  the  liver  clivertictdum, 
and  a  ventral  which  springs  from  the  right  side  of  the  liver 
(lirortioulum. 

The  body  of  the  ventral  hepato^pancreatic  diverticidum  aeparates 
into  an  anterior  and  a  posterior  part.  The  former  becomeB  the 
common  hepatic  duct,  and  from  ita  anterior  end  two  buds  grow  out 
which  become  the  right  and  left  hepatic  ducts ;  the  branches  of  these 
grow  itito  the  ventral  mesentery  and  into  a  mass  of  mesoblast  called 
the  septum  transversum,  and  they  form,  with  the  surrounding 
mesoblaat,  tiio  liver  subatanca  The  posterior  segment  of  the  ventral 
divoiticulum  is  the  rudiment  of  the  gall  bladder  and  the  cystic  duct, 
whilst  the  root  of  the  diverticulum  is  converted  into  the  common 
bile  duct,  and  the  ampulla  of  Vater  which  lies  iu  the  substance  of 
the  wall  of  the  duodenum  and  opens  into  its  cavity. 

The  dorsal  pancreatic  diverticulum  grows  into  the  dorsal 
mesentery  and  forms  with  the  surrounding  meso blast  a  portion  of 
the  head,  and  the  body  and  tail  of  the  pancreaa  Two  ventral 
pancreatic  diverticula  spring  from  the  root  of  the  common  ventral 
evagination,  but  the  loft  soon  dis?ippears  and  the  right  grows  round 
the  side  of  the  gut  into  the  dorsal  mesentery  where  it  takes  part  iu 
the  formation  of  the  head  of  the  pancreas.  In  man  the  stem  of  tl 
ventral  diverticulum  fuses  with  the  stem  of  the  dorsal  diverticuluml 
which  thereafter  loses  its  connection  with  the  gut,  and  as  a  result 
the  duct  of  the  adult  panci'eas  or  duct  of  Wksung  consists  of  tt 
stem  of  the  ventral  diverticulum  and  the  stem  of  the  dorsal  diverti4 
culuni  beyond  the  point  of  fusiion  of  the  two.  The  remainder  of  tl 
dorsal  diverticulum  is  the  duct  of  Santorinl  In  some  animals  both" 
dorsal  and  the  ventral  diverticula  retain  their  connection  with  the 
duodenum,  and  the  pancreas  has  two  ducts.  This  condition  is  not 
imcommonly  present  in  man  also. 

The  Bpieen  and  lymphatic  glands  are  developed  from  the  ma 
blast :  the  thyroid  originates  from  the  hypoblast ;  it  grows  as  a  me 
Lhverticulum  from  the  floor  of  the  fore-gut,  opposite  the  first  clefte,^ 
and  by  two  diverticula  from  the  fourth  visceral  clefts*  The  hypo- 
blastic  cells  form  the  lining  epithelium  of  the  vesicles ;  the  stroma  of 
the  gland  is  formed  by  the  surrounding  meso  blast  The  thymus  is 
formed  in  a  similar  way  from  the  third  visceral  clefts,  and  its  hypo- 
blastic  cells  form  the  corpuscles  of  Hassall ;  the  lymphoid  tissue  by 
which  they  are  invaded  and  ultimately  surrounded  is  mesoblaatic. 


Development  of  the  Respiratory  Apparatus, 

Tho  rudiment  of  the  larynx,  trachea,  bronchi,  and  lungs  apiM 
as  a  small  longitudinal  groove  in  the  ventral  wall  of  the  fore-j 
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Thia  groove  bifurcates  behind  and  is  gradually  separated  off  from 
the  rest  of  the  fore-gut  except  at  its  anterior  end,  winch  remains  as 
the  aperture  of  the  larynx.  The  diverticula  at  its  posterior  end 
are  the  germs  of  the  bronchi 
When  the  groove  is  converted 
into  a  tube  it  forms  the  trachea 
and  larynx,  and  the  dorsal  part 
of  the  fore-gut  in  the  region 
from  which  the  rudiment  of 
the  respiratory  system  is  sepa- 
rated becomes  the  oesophagus. 

The  bronchial  diverticula 
grow  out  into  the  surrounding 
mesoblast  to  form  the  air  tubes 
and  alveoli  of  the  lungs,  and 
with  the  surrounding  meso- 
blast they  constitute  the  lung 
substance;  therefore  the  lining 
epithelium  is  hypoblastie  and 
the  surrounding  tissue  meso- 
blast. As  the  lungs  grow,  each 
projects  into  a  corresponding 
anterior  prolongation  of  the 
body  cavity,  which  becomes 
the  pleural  sac,  as  soon  as  it 
is  cut  off  from  the  peritoneal 
portion  of  that  cavity  by  the 
formation  of  the  diaphragm. 

The  diaphragm  is  early 
developed  as  a  partition  of 
meaoblast  dividing  the  original 
pleuro-peritoneal  cavity  ink» 
thoracic  and  abdominal  serous 
cavitie& 
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Fio*  <W0.— A,  Ajiberior  riew  of  f'eiitrnl  protrtiaiun  ut 
fi:)fe-ip:ut  which  fonrtBlfaig  rudlmetit  of  the  rEw^ttitory 
npfiarntuii.  B,  TrKoavetBii  »etLon  throiii;h  fore^gut 
Iji  regiQD  of  posterior  p»rt  of  rrai>Jnitor)'  pniUfimoti 
along  lluu  Ij  fig.  A,  show  Lug  Diifurcaliuu  of  tb« 
[lOdterior  part  of  mpfimtoiy  dlverticttltitti  to  fbrm 
the  brondiL 

Pio.  OTO,-^,  AtLltrioT  view  of  UingH  oft  joanut bumatt 
pti;ibr}-o,  EvhowLng  bifurefttion  uf  tsscb  main  bronchuA 
jfito  two  prtmiTy  partt  (after  Ula^  modlHedX 

PiQ.  <171.— D}  Anttdor  irlew  of  the  luiigi  of  an  oldaf 
liuni^n  «inbT7i},  ilMTWfi^  ftottMrdJvlilaiia  of  bRMietil 
(&ner  Bb,  itioalfl«d>. 

ft}.  Fore-gut.  il,  Brouchas  of  iufbrtor  lobe*  ul, 
BmoQohUA  ^f  middlo  lobe  on  right  sUlio,  o,  Q^ptia- 
gufl.  Rs,  HMplfmtdO'  ctiyiertl^nltiiii.  shj  Brons^hna 
of  superior  lobe,  khl,  Bronchial  rucLlmetit  on  rlgbt 
iiide  whlcli  dlv{4ea  into  bronchi  of  middle?' and  amporlor 
lobes  <aL  and  ml). 


development  of  the  Qenlto- 
tirinary  Apparatus. 

The  rudiments  of  the  secre- 
ting parts  of  the  genito-urinary 
system  are  found  in,  and  in  association  with,  the  intermediate  cell 
strand  of  me&oblast  which  connects  the  protovertebral  somites  with 
the  lateral  plates,  p.  867.  In  lower  animals  it  is  probable  that  three 
sets  of  tubules  appear  at  different  times  in  the  intermediate  cell  mass 
of  almost  every  segment  of  the  body.  These  tnbid^  are  known >  in 
accordance  with  the  relative  time  of  their  appearance,  as  pro-,  meso^ 


884 


DsyilLOPICEKT 


[CH.  UJL 


-sc 


-SMR 


WB 


and  mataaephrie  tubules,  and  their  function  is  to  remote  from  the 
body  certain  waste  products  and  the  genital  elements.  In  mammals, 
however,  the  three  sets  of  tubules  appear  not  only  at  different  times, 
but  also  in  different  segments  of  the  body;  in  the  rabbit,  for 
instance,  the  pranephric  tubules  are  formed  in  the  fourth  to  the 
eleventh  segments,  the  mesonephric  tubulea  in  segments  thirteen  to 
thirty,  and  the  metanephric  tubules  in  a  small  but  indefinite  number  j 
of  the  still  more  posterior  segments. 

The  nephric  tubules  of  vertebrates  are  homologous  with  the  seg-l 
mental  tubules  or  nepbridia  found  in  worms  and  other  invertebrato. ' 

In  these  invertebrates,  the 
tubes  extend  from  the  body 
cavity  internally  to  the 
exterior.  In  the  verte- 
brates, however,  this  primi- 
tive communicatioo  with 
the  exterior  is  lost  and  the 
tubules  open  into  a  com- 
mon channel,  the  primitive 
ureter,  pronephric  or  Wolf- 
fian duct  C%-  672).  by 
which  the  secretion  from 
the  tubules  is  carried  at 
first  into  a  cloacal  chamber, 
developed  at  the  posterior 
end  of  the  hind-gut,  and 
afterwards  into  a  genito- 
urinary chamber  whicli  is 
separated  off  from  the 
cloaca.  In  the  higher^ 
forms  also^  the  commnni* 
cations  of  the  nephrio^ 
tubules  with  the  body 
cavity  are  either  quite 
transitory  or  do  not  exists 
and  each  tubule  commeneea  in  a  blind  invaginated  extremity  which 
embraces  a  mass  of  small  blood-vessels,  and  with  the  vessels  con- 
stitutes a  glomerulus  (figs.  672  and  673).  j^H 
The  pronephric  duct  commences  in  mammals  by  the  fusion  o^H 
the  outer  ends  of  the  pronephric  tubules,  and  is  therefore  at  its^^ 
commencement  of  mesoblastic  origin.  As  it  passes  backwards,  it 
separates  from  the  mesoblast  and  becomes  closely  associated  with 
the  epiblast,  but  it  is  a  matter  of  doubt  whether  its  further  increase 
is  due  to  the  addition  of  epiblastic  cells^  or  to  the  proliferation  of  its 
maBoblastic  elements, 
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The  pronephros  has  practically  no  function  in  man  and  soon  dis- 
appears. The  meaonephric  tubules,  on  the  other  hand,  grow  rapidly. 
They  open  into  the  Wolffianduct,  and  together,  with  the  surrotinding 
mesoblaat,  they  form  a  large  mass,  the  Wolffian  body  or  primitive 
kidney,  which  projeota  into  the  peritoneal  oavity  (figa  672,  673). 
Alter  a  time  (the  second  month  in 
man),  the  Wolffian  body  undergoes 
atrophy  and  the  majority  of  the 
mesonephric  tubules  disappear. 
Eemnants  of  them  are  found  in  the 
female  in  the  broad  ligament  of  the 
uterus  as  the  vertical  tubules  of  the 
ep~  aud  parovarium  (fig.  675).  In 
the  male  some  of  them  attain  con- 
nection with  the  germinal  epithe- 
lium (fig.  675),  and  then  become 
the  seminal  tubules  of  the  testicle, 
the  rete  testis,  and  the  vasa  effer- 
entia  (fig.  675),  whilst  others  persist 
in  the  vaaa  aberrantia  and  the 
or^kn  of  Giraldes,  both  of  which 
are  merely  fcetal  remnants.  In  the 
male  the  Wolffian  duct  persists  and 
becomes  the  convoluted  tube  of  the 
epididymis,  the  vas  deferens,  and 
the  common  ejaculatory  duct,  the 
seminal  vesicle  being  merely  a 
diverticulum  from  its  lower  end. 
In  the  female  the  greater  part  of 
the  Wolffian  duct  disappears  and 
the  portions  of  it  which  persist  form 
the  horizontal  tubes  of  the  ep-  ami 
parovarium  aud  the  oceasioually 
present  Gartner's  duct  (figs,  674 
and  675). 

Before  the  above  changes  have  taken  place,  indeed  before  the 
atrophy  of  the  Wolffian  body  or  mesonephros  has  commenced,  a 
diverticulum  grows  from  the  posterior  part  of  the  Wolffian  duct  into 
the  metanephric  mesoderm  posterior  to  the  Wolffian  bmly*  This 
diverticulum  is  the  permanent  ureter  (fig.  674  B).  Its  lower  end 
soon  separates  from  the  Wolffian  duet  and,  moving  forwards^  reaches  to 
and  opens  into  the  anterior  or  bladder  Bcction  of  the  cloaca  (fig*  6  /4  C). 
Its  dorsal  or  upper  end  grows  backwards  into  the  metanephnc 
meso blast  where  it  forms  the  pelvic  of  the  ureter  and  the  collecting 
tubules  of  the  kidney.     The  latter  f  uae  with  the  mBtanephric  tubules 
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wtu€h  are  developed  iiidependently  in  the  metanephric  mesobladt. 
The  collecting  tubules,  the  metauephriG  tubulea,  and  the  surrounding 
mesobkEt  form,  collectively,  the  metanephros  or  permanent  kidney. 
The  secreting  parts  of  the  kidney  are  the  metanephrie  tubules,  each 
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And  m&tdhi^plu'le  tnbtilfH  aro  prfiaent. 
jL,  AllAQtole  divflrtlflulum.    b,  Dladdur,    c,  Cloaea.    rr.  Gollwtlng  tabu  of  Itldaor  dwreloj 
outgrowtt»  from  ponD&neut  n rater,    or.  Genital  QmitKOrcft.    tKi,  Gf«nttA]  gS*^*    <^^^i  ^ 
uHnary  cAnil.     oteif,  Otinlto-annary  cliambftr.      no,  Hlnd-guL     in>,  IKillerlim   dii«t, 
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of  which  becomes  expanded  at  one  end  to  form  a  glomerular  chamber 
which  is  iuvagioated  by  a  raaas  of  fine  arteriea,  the  arteries  and  the " 
invaginated  chamber  forming  together  a  kidney  glomerulus. 

The  Bladder  and  Uretlim It  has  already  been  stated  that  the 

posterior  end  of  the  hind-gut  dilates  and  forms  for  a  time  a  cloacal 
chamber.  Into  the  ventral  part  of  this  chamber  the  urinary  and 
genital  ducts  open,  and  from  ita  anterior  end  the  allantoic  diverticu- 
lum is  given  off  (p.  854).  After  a  time  the  ventral  part  of  the  cloaca^ 
is  separated  from  the  dorsal,  the  latter  becoming  the  rectum,  whilst 
the  former  is  the  gBnito-urinary  chamber,  and  each  section  of  the 
divided  cloaca  attains  a  separate  opening  to  the  exterior  (fig.  674  C). 
The  genito-urinary  chamber  is  differentiated  into  two  sections,  anj 
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anterior  the  bladder,  and  a  posterior  the  genito-urinary  canal 
(fig.  675).  In  both  sexes  the  genito-urinary  canal  opens  on  the 
surface  in  the  posterior  end  of  a  groove,  and  the  groove  extends 
forwards  on  the  under  surface  of  a  superficial  eminence,  the  genital 
eminence,  which  is  the  rudiment  of  the  clitoris  or  penis.     In  the 


FiQ.  676.— A  and  B,  Diagrams  representing  fully  develoi>ed  periwi  of  genito-uiinary  systein.  A, 
Female.  B,  Male. 
A|  Allantois.  b,  Bladder,  bo,  Bartolin's  gland,  co,  Cowper's  gland,  cl,  Clitoris,  k,  Tub*'  of 
epididvmis.  eo,  Bpovarium.  kt.  Fallopian  tube,  od,  Gartner's  duct  (s^jmetinies  ])re8ent  as  a 
variation),  k,  Kidney,  nc,  Nephrostomal  canal,  occasionally  present  and  connecting  one  of  tlx; 
vasa-eflbrentia  of  testicle  with  cavity  of  tunica  vaginalis,  o,  Ovary,  oo,  Organ  of  Giraldes.  i>, 
Penis.  PH,  Pedunculated  hydatid,  sometimes  attached  to  upper  end  of  testicle,  developed  from 
a  Wolffian  tubule,  ix),  Parovarium  corresponding  with  organ  of  Giraldes  of  male,  i-r,  Prostatic 
diverticulum,  pu.  Permanent  ureter,  r,  nectum.  bh,  Hessile  hydatid  attached  to  top  of  tcHlicln 
la  the  remnant  of  the  orifice  of  Miiller's  duct,  sv,  Seminal  vesicle,  t,  Tt'sticle.  te,  TuIki- 
epoophoron  canal  of  female,  or  tubo.epididymal  canal  of  male,  sometimes  present,  i)ossibly  a 
remnant  of  pronephric  duct,  u,  Urethra,  uu ,  Uterus  masculinus,  represents  lower  ends  of  fused 
MUllerian  ducts,    va,  Vasa  aberrantia.    yd,  Vas  deferens,    vs,  Yasa  etl'erentia. 

female  the  margins  of  this  groove  remain  separate  and  form  the 
labia  minora,  whilst  the  genito-urinary  canal  shortens  till  the  vagina, 
formed  by  the  fusion  of  the  genital  canals,  is  brought  to  the  surface 
between  the  labia  minora.  When  this  has  occurred  the  remainder 
of  the  genito-urinary  canal  becomes  the  urethra  (fig.  675  A).     In 


S8B 


DEVELOPMENT 


[Ca  LTX, 


the  mule,  oa  the  ofchet  hand,  the  geaito-arinarj  canal  is  lengthened, 
the  lips  of  the  groove  into  which  the  primitive  geuito-urinary  canal 
opens  fuse  together,  thus  converting  the  groove  into  a  tube,  and  in 
this  manner  the  canal  in  prolonged  to  the  end  of  the  penis  (fig* 
675  B).  It  follows  from  what  has  been  said  that  the  bladder  and 
the  whole  of  the  urethra  of  the  female  are  lined  by  hypoblastiQ 
epithelium,  whilst  in  the  male  only  that  part  of  the  urethra  which 
ox  tends  from  the  bladder  to  the  openings  of  the  genital  ducts  is 
lined  by  hyp^bkat,  and  the  remainder  by  epiblastic  cells. 

The  Genital  Glands — As  soon  as  the  Wolffian  body  becomes 
distinct,  the  epithelium  on  its  inner  side  thickens  and  forms  the 
germinal  ridge  (iiga,  672,  673),  The  thiekened  epithelium  consists 
partly  uf  enlarged  mesoblastic  cells  and  partly  of  germ  cells  which 
have  wandered  to  the  germinal  ridge  from  the  wall  of  the  yolk-sac 
where  they  first  become  distinct.  In  the  male  the  germinal  ridge 
becomes  the  testicle;  its  germinal  cells  proliferate  and  form  cords; 
these  are  gradually  enclosed  in  outgrowths  of  the  mesonephric 
tubules  which  then  assume  the  functions  of  seminal  tubes  and 
convey  the  descendants  of  the  germinal  cells  to  the  modified 
Wolffian  duct,  which  is  now  transformed  into  the  tube  of  the 
epididymis  and  the  vaa  deferens  (fig,  675  B).  In  the  female  the 
germinal  ridge  becomes  the  ovary  from  which  the  descendants  of 
the  germ  cells,  the  immature  ova,  are  cast  out  into  the  peritoneal 
cavity  whence  they  are  conveyed  to  the  exterior  through  the 
Fallopian  tubes,  the  uterus,  and  the  vagina  (fig*  675  A). 

Both  the  ovary  and  the  testicle  are  developed  from  the  germinal 
ridge  in  the  himbar  region,  and  each  is  connected  with  the  skin  of 
the  perineo-inguinal  region  and  the  front  of  the  symphysis  pubis 
by  a  fibrous  cord.  This  is  called  the  gulHsmacular  cord;  it 
dsBoends  from  the  gland  and  passes  through  the  inguinal  csnaL  la 
the  mala  this  cord  contracts  till  the  testicle  is  pulled  down  into  the 
fold  of  akin  which  forms  the  scrotum,  and  in  its  descent  it  passes 
through  the  inguinal  canal  in  the  seventh  and  eighth  months  of 
foetal  life  and  is  preceded  by  a  pouch  of  peritoneum  destined  to 
become  the  tunica  vaginalis"  this  is  cut  off  from  the  peritoneum 
immediately  before  or  after  birth.  The  gubernacular  cord  of  the 
ovary  does  not  shorten  to  so  great  an  extent  as  that  of  the  testiclOi 
and  the  ovary  is  merely  drawn  down  into  the  pelvis  to  the  back 
of  the  broad  ligament  when  the  gubernacular  cord  is  converted 
int^  the  ligament  of  the  ovary  and  the  round  ligament  of  the 
uterus.  The  blood  *  vessels^  lymphatics,  and  nerves  of  the 
ovary  and  testicle  are  formed  in  the  lumbar  region  and  ara 
carried  down  with  tbe  organs  to  which  thay  belong,  hence  it  is 
that  they  rise  in  the  adult  so  far  from  the  organ  to  which  they 
are  distributed* 
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The  Fallopian  tubes^  the  uterus,  and  the  vagina  are  developed 
from  a  pair  of  ducts  called  the  MfiUerian  ducts. 

In  elasmobranch  fiahes  the  Miillerian  ducts  are  split  off  from  the 
pronephric  ducts,  the  anterior  ends  and  ventral  parts  of  the  latter 
becoming  the  Mullerian  ducts  and  the  dorsal  parts  the  Wolffian 
ducts,  but  in  man  and  other  mammals  the  Mullerian  ducts  are 
developed  quite  independently  of  the  pronephric  ducts,  and  each 
commences  as  three  thickenings  of  the  peritoneal  epithelium  on  the 
lower  and  outer  side  of  the  Wolffian  body  just  beneath  the  Wolffian  duct 
(figs,  673,  674,  and  676).  The  deeper  ends  of  the  three  thickenings 
unite  to  form  a  cord  of  cells  which  grows  backwards  to  the  cloaca 
and  becomes  hollow.  In  the  meantime,  however,  two  of  the  three 
primitive  thickenings  have  disappeared  but  the  anterior  remains  and 
forms  the  dilated  anterior  extremity  of  the  duct.    The  margin  of  the 
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dilated  extremity  is  subsequently  cleft  into  a  mmiber  of  processes  or 
fimbriae,  and  by  means  of  one  of  these  the  open  end  of  the  duct 
gains  attachment  to  the  ovary  (fig.  675  A). 

As  the  two  Miillerian  duets  approach  the  cloaca  they  pass 
between  the  Wolffian  ducts  and  are  bound  with  them  into  a  common 
cord,  the  genital  cord,  and  after  they  have  opened  into  the  cloaca 
their  lower  parts  fuse  together.  In  the  female  the  lowermost  part  of 
the  fused  tubes  form  the  vagina,  that  next  adjacent  the  uterus,  and 
the  highest  parts,  which  remain  separate,  become  the  Fallopian  tubes 
(fig.  676  0),  It  is  obvious  tbit  if  the  fusion  which  should  occur 
is  incomplete,  the  vagina  or  the  uterus  may  be  double,  in  part  or  the 
whole  of  its  extent,  or  its  cavity  may  be  more  or  less  completely 
divided  by  a  septum,  and  all  of  these  abnormal  conditions  are 
occasionally  met  witL  In  the  male  the  greater  part  of  each 
Miillerian  duct  disappears,  but  the  upper  end  remains  in  a  modified 
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form  and  k  attached  to  the  upper  end  of  the  testicle,  where  it  forma 
the  sessile  hydatid  of  Morgagni;  and  the  fused  lower  ends  are 
embedded  in  the  prostate,  where  thej  form  the  sinus  pocularis  or 
uterus  masculinus,  which  opens  into  the  urethra  between  the  mouths 
of  the  common  ejaeulatory  ducts  (fig,  675  B), 

The  external  parts  of  generation  are  at  first  the  same  m  both* 
aexea.  The  opening  of  the  geni to-urinary  apparatus  is,  in  both  seres, 
bounded  by  two  folds  of  akin,  the  external  genital  folds,  whilst  in 
front  of  it  there  is  formed  a  penis-like  body  surmounted  by  the 
glans,  with  a  cleft  or  furrow  along  its  under  surface.  The  borders 
of  the  furrows  diverge  posteriorly,  running  at  the  sides  of  the 
genito-urinary  orifice  internal  to  the  cutaneous  folds  just  mentioned  ; 
they  form  the  internal  genital  folds.     In  the   female,  the  genital 
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Tbn  iixianuU  Toldi  have  tiuEtefl  below  tlm  p4:i9t«>rior  p&Tt  of  Uu  i»nli  to  tbrni  tkn  verotkm,  Lbe  Ijne 
of  tiniofi  beinp  Indicntod  on  tbo  »crotiim  by  a.  dotted  lin«, 

eminence  forms  the  clitoris,  and  the  margins  of  the  furrow  on 
its  under  surface  are  converted  into  the  nymphse,  or  labise  minora, 
the  labia  majora  pudendee  being  constituted  by  the  external  genital 
folds  (fig.  677),  In  the  male  fcetus,  the  margins  of  the  furrow  at 
the  under  surface  of  the  penis  unite  at  about  the  fourteenth  week, 
and  form  that  part  of  the  urethra  which  is  included  in  the  peniB, 
The  large  cutaneous  folds  foim  the  scrotum,  and  later  receive  the 
testicles.  Sometimes  the  urethra  is  not  closed,  and  the  deformity 
called  hypospadias  then  resulta  The  appearance  of  hermaphroditiam 
may,  in  these  cases,  be  increased  by  the  retention  of  the  testes 
within  the  abdomen. 

The  Awpra'Trnml  cwpsulm  originate  partly  from  the  mesoblast  and 
partly  from  certain  special  cells  of  the  sympathetic  ganglia,  called 
ehromaffine  cells,  on  account  of  the  yellow  colour  they  acquire  when 
hardened  with  ehromio  salts.  The  chromaffine  cells  form  the 
medullary  parts  of  the  suprarenal  bodies,  and  the  cortex  is  de- 
veloped from  buds  of  mesoblastic  cells  separated  from  the  |>eri- 
toneum  on  the  inner  sides  of  the  germinal  ridgea 
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^^H                  axUrpstlan  of,  In  toAmmilJ,  (WS 

eplnl,  of  cocblcA,  767                                           ^^M 

^^^1                   tlasarc!^.  076 

CahaI  of  Schlemm,  782                                            ^^H 

^^H                 m  fuctm,  tm,  eT& 

of  Petit,  ;sa                                                ^^^^H 

^^^B                  grey  rnfiUnr,  1^1 

GknAUcuU  of  bone,  66                                     ^^^H 

OAtiAliii  cuchi^!:!',  7&6,  757                                  ^^^^M 

^^^1                   ItlUiitk '»!  7 1 8 

GauaJb,  BfliulcirculAr,  of  SAr,  755                    ^^^^H 

^^^B                   membranfli  of^  9ia 

devolopmeDt  of,  860                                     ^^^H 

^^^B                  monkey'i*  6TS 

ClAQcellQiu  Uaffaa  of  ba»«,  &4                         ^^^H 

^^H                 motoi  ve^  7m 

CA116  BUgAr,  S&4                                                           ^^^^1 

^^^B                   Qimng'*,  074 

CAnnon,  ahAdow  pbotogrAp^  of  thm  ttoalfiiffi^H 

^^H                   qiUDtH^  of  blood  In,  811,  SU 

■ho  wing  pexifltAltlc  movuiBaiita^  JiSe             ^^H 

GApACity  of  chm^,  vitM^  057                              ^^^H 

^^H                ttm(irf  inu^  703 

GAplliAriM,  n&                                                ^^^H 

^^^B                  Btmcture,  634 

bll4.  610                                                         ^^^H 

^^m                  TttHzlQlfla,  «S5 

clfctilAtlcm  in,  SSO,  S03                                ^^^H 

^H                vwlt1anti(MctiQfi>,637 

velocity  of,  ^                                        ^^^H 

^H                 vflfiQlei.flTS 

^H                  vMtematler.m 

diADaatar,  210                                             ^^^H 

^^m              Bra&d  hj;  f<x>d|  4n 

^^^^H 

^^H               BtMtMng.    .Scf  RMplnttoii. 

biflufiuce  Ofti  clrctilAUcn],  294                      ^^^^M 

^^H               Brlglit's  dUi'&ne ,  6Sl ,  5S^ 

network  of,  219,  220                                      ^^^M 

^^H               BcQcm'f  convdaUon,  7D2 

number,  231                                                          ^H 

^^H              Bradle^  on  splobic  nefVA,  161 

pMWAgi)  of  torpaBdet  throagb  wnlli  of,  395       ^H 

^^1                 bli  tnUo«i-;«cQTdAr,  ir>l,  UO 

pnsBum  in,  27S  cj  j«a.                                           ^^H 
Tettfltuice  to  flow  of  uood  tn,  294                      ^^M 

^^^B                 OD  heat  rigor,  167 

^^m              Bronchi,  irrangiime&t  vid  ilrcct^n  of,  &43, 88S 

•tUJlAyerlD,iJ?.                                                 ^H 

^^H                Brobcbija  ftrteri««  and  reina,  9^ 

Bl£A,  :219                                                       ^^^M 

^^^B                Broviiilui  movezDSUt,  109 

ttmcture  of,  <^.                                          ^^^H 

^^^B               Bmch,  mauabruio  of,  7S0,  7H1 

CapbuIs  of  BowmAti,  646                                  ^^^^M 

^^H              firiiclu  OD  tbfl  Ma  f-4tMrlng  aotl^  of  t!i«  IimtI,  337 

vitfsrtLAl  jind  tJiteruAl,  600                          ^^^^H 

^^H              BraoMri  glftuds,  467 

OfOllAKQ^U                                                         ^^^^H 

Of  Tmmt  779                                            ^^^^M 

^^H              BnialQik,   i(t«r   GukeOJ,  traetug  of  actlooi  of 

^^H                     ngns  on  Oid  be«n,  24fl 

CVpiQliia,  HAlplgMAn,  546                               ^^^H 

^^H              Baffy  oott,  formAtton  of,  121 

CArbAmlde,    i^  Ui«a                                    ^^^H 
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CUmBOBTDBATM. 

(krboliTdxBlH.  800  d  teg. 

abwguUuu  or,  639 

meUboUim  off  690 
OftrbonatM  In  ortaie,  670 
Oubcolo  add  In  atmotpbare,  874, 875 

in  blood,  877, 878 
elbetof,  879 

laenMe  In  tanatlMd  air,  874 

inflnanoe  of;  on  Mrra,  171, 172 

In  long!,  877 
Oarbonto  ozlda  b«noglobln,  448 
Oarbonto  oidda,  polsoDoaB  aetlon  of,  878 
Oaidlao  mle,  281 
Oaidlao  glanda,  401 
Oardiao  orifice  of  itomach,  aotkm  of,  689 

■pblnotar  of,  640 
rslazatton  In  vomiting,  ib, 
Oaidlao  •ympatbeUo,  249 
Caxdinal  reins,  806 
Oardlognun  flrom  boman  beart,  289 
Oardlograpb,  287  d  mo. 
Oazdioinoler,  Baniard^i,  240 

Baj'B^ib. 
GaroUd  arterv,  802 
Owottd  gland,  842 
OwtilaeB,49 

axtteQ]ar,60 

edliilar,68 

ohondrin  obtained  fh»n,  51 

nlaartnoation,  49 

OQrtal,60 

derelopment,  62 

elastlo,  49, 62 

flbroaa,  61, 52.    See  Fibro-oaitllage. 

b7aline,60 
•    t,ib, 
il'B,  871 
atlon  in,  00 

parachordal,  800 

perlebondrinm  of,  61 

atractme,  49 

temporaiy,  60 

transitional,  ib. 

TarietlBe,49 
OartHagec  of  larynx,  764 
Gartilaginoas  cranium,  860 

ban,  801 
Oas«in,  411, 478.    jjm  Milk. 
Oaaeinogen.  411, 478, 474 
Oanda  eqnma,  020,  872 
Candal  arch,  8<il 
Oandate  nndena,  005 
OaTity  of  reeerre,  75 
OeU  diTiflion,  10 
Oel]s,4,6 

amoeboid,  6 

blood.    See  Blood-corpuacles. 

bone.  67 

eartilage,  49  et  teq, 

central,  401,  494 

eharaoteristica  of,  12 

chromaflne,  890 

eillated,27 

eonnectiye  tiasne,  86 

definition  of,  0 

epithelium,  25.    5m  Bpitheliam. 

germinal,  872 
goatatory,  745 
hepatic,  614 
BerTe,192 
oUketorial,  748 
parietal,  46J,  404 
pigment,  100 
■tnetore,  8  ct  n-q, 
▼arteties,  22  et  ien. 


CBsm-STOKM*  BaFxmAnov. 

Oells— eoatiaitcd 
veaetable,  0, 18 
diattnetlQoe  flrom  animal  oella,  0  ct  wo. 
OellsofDeitert,769 

of  Porkinle.  197,  060  tt  seq. 
Oellnlar  cartilage,  63.    MeOartflage. 
OeUuloee,896 
Cement  of  teeth,  09,  71, 74 
Central  cells,  401, 404 
Centres,  nervous,  etc.    See  Nerve-oentres. 

of  ossification.  59 
Centrifugal  machine,  427 

nerve-Ubres,  101 
Centripetal  nerve*flbres,  102 
Centro-aolnar  cells,  602 
Centraeome,  8, 12, 17, 830 
Cephalic  aortic  arches,  802 
Cephalic  arch,  801 
Cerebellar  aUxy,  718 
Cerebellam,  059 
eflects  of  removal  or  disease,  718 
eqaHibratioD,  ib, 
ftmctlons  of,  710  ft  seq, 
grey  matter,  197, 080, 059 
hemi-extirpation,  resolts  of,  724 
impulses,  718,  719 
peduncles  of,  602,  717 
semlciroular  canals,  719,  722 
extirpation  of,  717,  721,  723 
sensory  impulses,  718 
stimulation,  717,  718,  723 
structure,  050 
Cerebral  cortex,  004,  007,  060 
grey  matter  of,  078 
histological  structure,  007 
pyramidal  cells,  078 
Ceirebral  hemispheres.    Sfe  Cerebrum. 
Cerebral  nerves,  origin  of,  040  et  srq. 

See  under  names  of  nerves. 
Cerebrim*  or  cercbroMiilea,  170 
Cerebro-spinal  axis,  101, 010 
Cerebro-spinal  fluid,  178,  020,  035 
Cerebrospinal  nervous  system,  191, 018 

See  Brain,  Hplnal  cord,  etc. 
Cerebrum,  003 
ccmvolutions  of,  078  et  srq, 
crura  of,  085 
degeneration  tracts  after  injury  of  Rolandic 

area,  600 
development,  874 
effects  of  injury,  6<.H> 
removal,  002,  005 
external  capsule,  000 
functions  of,  002  ct  seq. 

early  notions,  Oi»2 
grey  matter,  107,  (•04 
heniisphures,  003,  073,  075,  875 
internal  capsule,  000 
localisation  of  functions,  093 
motor  areas,  005 
relation  to  speech,  774 
sensory  areas,  000 
extirpation,  ib. 
stimulation,  t^. 
structure,  003  ft  srq, 
white  matter,  000 
Ceruminous  glands  of  ear,  590 
Chambers  of  the  eye,  788 
Charcot'H  diseaHS,  824,  82({ 
Chauveau's  dromograph,  384 
Cheiro-klnesthetio  area,  709 
Chemical    eompoaition    of    the    human    body, 

800  ct  seq. 
Chest,  expansion  hi  insplratlan,  851 
Chest-voice,  772 
Cheyne-iitokes'  respiratkn,  806 
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CORNM. 
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^^H               Cbimpanzdtt'A  bnin,  TOO 

Coagiiiitlon  of  blood— con^iniMd 

^^^H 

^^H               G)iLJt^t«ndflii  dletp  471,  4T3,  605 

tbeortea  of,  426 

^^^^^^H 

^^^H                  tmpoTmnt  ohftrAotftr  or  h\M  votk,  004 

aftnlllt,47S 

^^^^^H 

^^H               Chloiidoi  te  QiinB,  575 

CoagulfttiT*  ferment*,  417 

^^^^^^H 

^^B               ChoI«goguQs.  i^29 

Goulde,  4^ 
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^^H                 UhdAllfl  acjri,  5-iD 

CQO«jg»l  gland,  a42 
OmMm  Of  tlw  ur,  75& 
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^^H                 CholMtfliiu,  9,  Q2t  176,  S^^.  621 
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^^H                Gbolfl^lta,  &2^ 

tlmriti  In  ooDiMetJofi  wltb,  702,  768 
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^^H                 Cholin«,  1 7 1 , 1 TS,  B^ 

OMdilHr  iinve,  «40 

^^^^^^H 

^^H                CtuiDarlii,  &1,  iU 

OcE]oi]ip844 

^^^^^^H 

^^H                 GhortU  »^retlQu,  ^B& 

OokEkbulm,  *t«»t  Of,  81 

^^^^^^H 

^^m                QhordAt7mp«]i],4S7 

Ckjbnbolm'i  expertmetifi,  2H 

^^^^^^H 

^^H                  filfHto  of  BtimDlAtlafD  of  dlvldad^  i&B 

With  «uccus  411  t«iiciifl,  500 

^^^^^^H 

Oold  u«M,  740 

^^^^^^H 

^^m                Qhorloa,  S4S,  840,  BM 

OdlBgw,  S7,  54,  411 

^^^^^^H 

^^H               Chorionic  villi,  S54 

CoUsUnl  till u re,  ej& 

^^^^^^H 

OtMiMM.  9it,  40S 

Colon,  the,  4^,  379                                     , 

^^^^^^H 

^^H              Gborold  coftt  of  «Fe,  TTT,  780 

^^^^^H 

^^H                        blOOd-VAIHlB,  710 

CaEoitruni,  472                                            d 

^^^^^H 

^^^H                   dsTelopmeiitt  S78 

OorpitKclw,  473,  470                             ^fl 

^^^^^^H 

^^^H                   iitmetnrf),  7aO 

Colo  ur-bl  in  dnf«s ,  810                              H 

^^^^^^H 

^^H               Glioroldti  ilvtiiT«,  STS 

Oolou  r-i  terceptioo ,  SOS                             ^ 

^^^^^^H 

^^^H                ChTomallBO  c«lk,  8i:K) 

Colon  r  aenutlotia ,  BOB                             |H 

^^^^^^H 

^^H                CbnjtniClo  utMrrmtJon,  7CiS 

Barcb  1  ex^i«rl03«0Li,  81 1                    ^" 

^^^^^^H 

^^B               Ghfom^tln,  11 

thBOrlm  of,  SOO^ll 

^^^^^^H 

^^^B                 Chrom*UiIyali,  ^DQ 

Coloun,  QptlGAl  pbdnommi,  £08  tt  t$q. 

^^^H 

^^^m               Chromitoplum,  201 

€qI  n  mnir  ep  Itbttllum ,  25 

^^^1 

^^B             ohroiDcigBp,  sag 

Combiiifltktni  touM,  702 

^^^H 

^^H               C3biiomopbuiea,  91$ 

Commft  tract,  624,  dSO 

^^^H 

^^^m              OhrDEDoplAiin,  10 

Commliiurml  Obr^,  570 

^^H 

^^H               Chromo-pTol^iuf,  4t£ 

utacleus,  057 

^^^H 

^^H                CliroDiDSOEQea,  17,  SSD,  NO 

Comaion  p*tb,  priuclple  of,  eSO 

^^^1 

^^H                 Gliylfl,  233,  S1&,  6S2 

Ck>miuou  letiHLtlooii,  741 

^^^1 

^^m                 iudL^iHat  bull  of,  S16 

GomplfltDsntal  air,  a£7 

^^^1 

^^^H               Chynie,  &10 

OiNiip]em«aUry  oolours,  909 

^^^1 

^^H               CicatiiHEilA,  w& 

Oom pound  tnbnlmr  glanda,  488 

^^^H 

^^m           ciiui,  as 

noecnoM  glandi,  48S,  4S4 

^^^H 

^^H               CJUkry  epltliellQD),  07 

QoQ«fiptJon«  7^ 

^^^H 

^^H                   functlaii  of,  2S 

Concha,  752 

^^^H 

^^^^1                Ciliary  motion^  20 

Condlmenta  ■«  AQcaMorloA  to  fbod,  460 

^^^H 

^^^B                    tiiturv  of,  ib» 

OondtiotUiB  palbs  In  cord,  078  tt  teq. 

^^H 

^^B               aiUry  muiclM,  TSl 

ConduotJon,  law  of  AxipetAl,  204 

^^^H 

^^B               CUlHry  prt>o«Me«,  7iO 

Gondufltlvlty,  172 

^^^M 

Conet  atid  rodi ,  TS5,  780 

^^^H 

^^^H                Oaio-tptiiAl  {umtfo,  tide 

moviimBtit  of,  HI  14 

^^^H 

^^H                Glrciili  tlon  of  blood,  206,  220  tft  iig. 

Conical  and  lUtfomi  papUIs  ofton^e,  744 

^^^B 

^^H                    metlon  of  he^rtt  ^0« 

Cool  vAwulOflf,  8^ 

^^|: 

^^H               tebT«i£,  sn 

CoMjugaie  d«rtatlon  of  bead  and  e^m,  701, 

717     ^M 

^^H                   cmplllArlftA,  204 

Coiidiigated  protAltii,  411 
OotyamitiTai  770 

^^H 

^^^H                    €OLirH  of,  ^Ift  c^l  fell* 

^^^H 

COtQuiigtlV^Kl  TrtflPX,  688 

^^^^^^H 

^^^H                    i[].  foetus,  870 

QoimectlvB  tlwiiea,  86                                   i 

^^^^^^H 

^^^H                   lii5iienc<o  of  rwnlTatliiD  on,  lOi 

^^B                      of  grftvlty,  375 

^^B                  pecalki-itlafl  of,  ta  diefarenit  psrti,  SIl 

dAialOcatlon,  i^,                                      ] 

^^^^^^H 

QorptJ4c]«ij  as 

^^^^^^H 

filaatic,  43 

^^^^^H 

^^H                  porUl,  211 

tlbrom,  41 

^^^^^^H 

Mmi«ral  ttmcturo  of,  30 

^^^^^^H 

^^M                 renAl,  46. 

Jelly 41  ke,  48 

^^^^1 

^^H                    lyiteQilo,  ib. 

retiform,  46 

^^^H 

^^H                  In  Vttbu,  sie 

variettM,  85 

^^^H 

^^H                      v^oelty'  of,  278 

Oonieni'atton  of  energy ,,  law  of,  ifil4 

^^H 

^^^H               ClnmlstaiT  ijitaro,  906  rJ  m^. 

t;onflOTiant#t  774 

^^^H 

QOntraotlltty  of  mutdfl,  (19 

.^^^^^1 

^^^H                CliLrlu'i  columo^  fiiS,  IlltS.  093, 072 

ContraetioiD  of  pupil,  700 

^^^^^^H 

^^H            oimontTum,  ee«,  iW 

Uon  trait  of  oolooj}  812 

^^^^^^H 

^^^H                 OlnfC^pftlAto,  Qlt»«  of,  BOO 

Convergftiicr  of  eye,  7W 

^^^^^H 

^^^H                OI«rk«MBiw«ll'i  axperimeot,  aOfi 

Qanf  olatloaa,  cArebnl,  078  rf  h^. 

^^^1 

Cooking,  eObct  of,  47^ 

^^^M 

^^H               CUtortB,fllS 

Co-ordination  of  muicular  movementa,  124 

^^^M 

Gopmr  «ulph*te,  or  Plotrowskri  teit,  407 
OoH,  iphial.    Sfc  Jiplnal  oord. 

^^^1 

^^H            oioftCAt  ^aa 

^^^1 

^^^H               Clonal,  1^1 

Oorium,  450 

^^^^^^M 

^^^B               Clot  or  OP*guli]tD  of  blood.    Set  Cotgubtlon. 

Oomea,  77 ^ 

^^^^^H 

^^B              (napdufl,  iog 

oorpuMlB*,  77»,  780 

^^^^^^H 

^^H                CokgDlfttlon  of  blood,  70,  4^1  #1  Mq, 

nervea,  779 

^^^^^^H 

itructuTfl,  T7& 
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I         Corpon  atvf!roq«*»  iU,  830 

DftrkwtdftptitlDii  of  Ryfi,  B14                                                        ^H 

LkBAf-mcitiRii  hTid  tKialllbrltun,  7^9                                              ^H 

1         Oarpai  Aruitll,  213 

D«iflldti«,  847,  U9                                                                      ^^M 

1           iMlkitttm.oeS»«T<l«^« 

bauLifl,  S48,  i4»,  BhO                                                    ^^^H 

I          dHUstam 

d«Tt)opliueot  of,  B48                                                        ^^^^^1 

m are««baUam,<}60 

^^K       of  ol j  VHTT  body ,  f  b. 

nflexm ,  or  (^ppttlArlj ,  84S                                              ^^^^H 

^^H  BlgtmiortAtium,  128 

■omtlQA,  850                                                                  ^^^^^1 

^^V  lut#iun,  b34 

v«m,S48                                                                        ^^^H 

of  buni»n  fninila,  ib. 

DwnuuULJb  of  flbrtkt  tn  nudotls  obliiI»KBt«,  044,                ^^M 

4fH6                                                                                             ^H 

S34 

In  ipiukl  oord»  67S}                                                      ^^^H 

m^taciiiiamm,  »12,  SftO 
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■trL&tum,  664 
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GorrJUfdHofbJ<»d,76»4I0.   Sm BLood<«<irpi&fel«.   ' 

DaApcatloQ,  iDecbAnlAED  of,  54S,  601                                 ^^^^H 

Cor  [>!i»dBi ,  Hft]  l>igb  Ikfi ,  JI4« 

centn,  600                                                                   ^^^^^H 

of  H^rbit,  7S3 

tafluflnoi  of  »p]li»l  ^rd  cm,  A44                                     ^^^^^1 

D«gim«rmtlaEL  metbod,  104, 100,  S07,  OSS  ii  »(q,              ^^^H 
DflilnUtlo^i.    Srf  BwmllowlDg.                                        ^^^^H 
Dviten.  eellB  of,  75{»                                                         ^^^H 

of  MelHiiar,  TS4 

Corti,  GrKaii  of,  66<,  AM,  758 

OoTtloo-poBtliio  !1br«.  04T 

uaeleiu,  048,  66&                                                      ^^^^H 

Cortioo-8pip*)  flbt*A.  N7,  flTO 
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offiea  of«  T<;3 

mudrftw,  87:^                                                                  ^^^H 

Cotrl6doRa»  a&O 

CMiiftl  eremDi  72                                                                ^^^^H 

Oongbls^,  mfteHKiLLMiD  of,  3«4 

OQfrpw  ■  g]AndA»  &5S,  SS7 

Ci-aol*!  D«rv9i,  IPO,  MO  of  nr^.,  §61 

fonnkttoa  of,  73                                                             ^^^^^M 

Bueloi  of,  541,  (WS,  tt«,  ft47 

stmctuift,                                                                      ^^^^^M 

orlgia  &nil  fuQctloai  of^  652  <( « f/. 

Ddprenor  nervfl,  305                                                         ^^^^^H 
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Cf««ttoln»,  401,  t^n 
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Gromuterlc  rsfltx,  6S3 
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Cricso-ftrytenold  mii»oi«,  760,  T6T 
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Ciicoii  urtUage,  706 
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Ctifjo-tbyrolil  tntUClv,  766 
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blood-eorpnsclu,  4S6                                                  ^^^^^^| 

Crowb&r  iccldent,  701 

U^roa-Tiuiwli,  436,  B62                                                      ^^^^H 

Cmn  cereMll,  039 

bonti  60  la  Af^,                                                                 ^^^^^H 

««i«brl,  e^,  661,  6M 

brtlH,  374                                                                         ^^^^H 

^rey  mftttur  of^  686 

diclduk,  ^7                                                              ^^^^^H 

C^iti,  6^^ 

dlaphrjLgtu,  B^                                                          ^^^^^^| 

petn^u,  71,  74 

«ii,  87B                                                                            ^^^^H 

QtyytM  of  Li^berkuhQ,  466 

firbrBmltia,  857                                                            ^^M 

Crjitkllln,  im 

9f9t  876                                                                                ^^H 
«y«lldi,  878                                                                     ^^^^H 

Ci7rt»»b>B  IPDi,  778, 7§a 

CfyitallLublfl  praitilni,  406 

f«a9, 850                                                                  ^^^H 

Oryttftlloldfl,  40a 

FiUoplui  tQbttS,  887                                                       ^^^^^^M 

GublMl  ApitbfthuD],  26 

faslt\  membnou,  847                                                  ^^^^^^M 

Gunens  or  cubeatu  lobule,  677 

&«in«work  of  boily,  866                                                ^^^^^^M 

CapuUj  7S1 

gfialtml  KlAtidfl,  !JSH                                                       i^^^^H 

CuntLve  iaoccilfltton,  4AI 

goiQilto^iirliiiirr  apparftli^i,  8iS  ft  mo.                           ^^^^^^I 
bMd,  857                                                                           ^H 

CurditDg  furmentSi  47ft 

Guitmit*  of  setteb. 

liflut,  m*                                                                     i^^M 

eotkiU^^,  10ft 

llitfHtlnci,  830                                                               _^^^^H 

Induced,  109 

ld«,  $78                                                                   ^^^^1 

uervB,  103 

llrabi,  867                                                                      ^^^^H 

llvtT,  S81                                                                       ^^^^H 

CatlolB,    SiiBpldflrmifl|£pt|liAlhtra, 

longa,  S8fi                                                             ^^^^^H 

Catli  yan,  £86 

Ijmpbatlc  gUtidij  SSI                                                ^^^^^^M 
AudoUA  otdoligBta,  874                                                ^^^^H 

Ctivftr,  duoU  of,  Sd5 
Crbolikl'a  btemaU^horaolAf,  2S9 

motitb,  870                                                                       ^^H 

Cyolopterln«,  iOt^ 

moAde,  88                                                                  ^^^^H 

Of  ptk  f^uct,  &13 

Aaniil  ckamberH,  870                                                        J^^^^^H 

CSf*MJie  1j]  uriJujp  57t» 

nervn-llbrfiB,  D^                                                                  ^^^^^^| 

C^iUtLA,  403 

nervoui  a^tnnii  871  ^  873,  B7B                                     ^^^^^H 

l^toilnfl,  ton 

noH,  87&                                                                       ^^^^^H 

ceiopbAEtis,  l&>                                                        ^^^^^H 

3  L                     ^^^ 

^^^^^^^^^^^^^^^^^^^^m^^^^^                        ^^M 

^                                   Dsrti^PtavT. 

•.»..       H 

W5^.r=*"     ■ 

^^^^^^H            sfnUe  ann,  ITT 

^^^^H            pluijiuc^iTV 

Dueta  of  Bi»UId1,  547,  NS                          ^^H 

^H     ss^^K"-"" 

^^^B           Vtealootd,mi 

arOaTlHr,ao&                                       ^^H 

^M        S^r, 

ora«rtMr,fi8fr                                 ^^H 
orauiGfiiii,  SIS                          ^^H 

^^^H         taSMft,s8a 

Dttcttaautotena,  B6&,  SH                      ^^H 

^^^H             tbyniu,  m 

cl«tu«  of,  tn                                ^^^H 

^^^^m              UijiDid  flaorls,  8S2 

f  luaua^  909                                         ^^^^^^1 

^^^H            iEfatfan,379 

«ii»it»iif»«n                          ^^H 

ssl!s?^»ffi:r«?^*~      ■ 

DaodSuA,  «aa,  &V9                           ^^H 

sr2s:;r"'--"'       ^M 

^^^^H            ^imrntl  Aicha  and  defU,  flbS  it  tt^. 

^^^^^H             Wfii&ui  bod!U|  urtnAnr  ippftntui,  mud  aexuftl 

jyytie,  3M                                                    ^^^H 

^^^^V                    CKgUU,  SM  (£  «^. 

pyaps}oMl,  3^,  m                                      ^^H 

^^^~          DsKtna,8M 

^^H                   Dextnaa,  B&lf  8M 

^^1 

^H                ixi^fitie.«a» 

^^M 

Ear,  752                                                      ^^H 

^B                 Dl&b«t«,  5.25 

bones  or  ouldoa  of,  Til                          ^^^M 

^B                     ftrtmclal  production  bi  uitnuOi,  bU,  MIT 

tancUm  of,  700                                    ^^^^H 

^^m                    Liimlyner,  a,  Am 

ciDnim  inou  a  g Undi  of,  6M                       ^^^^M 

development,  §78                                    ^^^^M 

trnmUM^,  752                                            ^^^M 

ftmctlon  oft  76®                                            ^m 
bitanial  or  laWrlnth ,  754,  8Tt                        ^1 

^^B                   DlAphnKZEU    Se«  IniptimyoOt  stc. 

ftusctlou  or,  700                                             ^M 

^H                 l>|A«UMafUTir,&£fi 

DLtdd]»,7lia                                                    ■ 

^H                 tMub01«ofta«r«»lll 

fiuii3tlQnof,7«Q                                          H 

^^H                   DlutollQ  prauuni  S9S 

Kctopb  TeaIcK!,  &ei                                           ^1 

^H                  mcralhi  pulH.  301 

H0tonit  MTvw,  PO,  tsi                                    ■ 

^B                 DineirpliAloQ,  896,  §75 

DArra^eiaiB,  im                                                H 

Sppi  ai  food,  470. 470                                       ^M 
EEnich^exporimBiiti  w1t)i  OMtbrlaHi  blti«,  mj 

^^H                        Ch  Ittend  ea  b,  fH ,  472 

fl&5 

^^1                     natimve  vala«,  ITO  fl  Mf . 

^B                      UblH«  4n ,  473,  fi«6  e(  t^. 

Blaittc  cartilagffi,  40,  £3 

^H                      VQ!r«,  471 

Ubf<Hl,4l 

^H                   I}ifns«!ELC«-t(m«,  702 

tiMue,  4a                                                                    1 

^H                 DimiAJao  uid  quumU,  dbtl}}gali%«d,  S2S.  4(M> 

muMzi,  se,  411                                            ^^^M 

^H                 DtsMUob, 

mectrf »]  cnrfvota  of  mtAxm,  SIS             ^^H 

DerTH,  103                                                 ^^^1 

^^^K               diumtjinof.ai8 

vartotioo  tn  ouitrml  uervoiia  ^rnatn.  Til       ■ 

^^^^H                        ^  GMteto  flQid,  Food,  StOEDACtl. 

l]i^aoda,484                                                M 

^^V                  Dilator  pupllJie,  7&I 

Elaetddtj,                                                      H 
IB  muscle,  141  U  Kq.,  m                                  H 

^^H                  DilcnLDin,  f^ao 

^^H                   Diphtheria  toxin,  ih2 

EBnetTDdAt,  aon-potarlaablt,  1S&                         ^1 

^H                  Diplopia,  aic 

Blscttom«t«r,  Lippmaiu'i  capllUiy,  ISi         ^M 

^^H                    Djiamldal  tract,  037                                            i 

HMdln,  5^1                                                         ■ 
BtoiiL9nLai7  aubatancei  bi  Um  bninfta  bo4y,  «■ 

^^H                   Bftctii  pro]  Ii^«nja ,  B^S 

Em^o,  ese  <-f  #fg.    Stv  Devtfopmwit.          ^M 

^^B                   Dlaeaaa,  "  gPtni  theorv  "  of,  416 

Bmbryologltja]  methotl,  G2S                                 H 

E  m  bry  on  I  c  area,  84:] ,  ^44                                        ■ 

^H                  dauM  atn>pb7,  SOS,  704 

^H                  DltLf«tlo»  btQ 

Bmallcii  641                                                     ^^1 

^^m                 Diverticulum,  Meckel's,  B30 

^B                  Dobla'a  Uoe,  SS 

Bmmetrsplo  *y*,  7W                                          ^H 

^H                Dog,  "  f emteh  "  rtftax  ot,  €«7 

Emotion!!,  7!»i'                                                   ■ 

^H                 Dog's  bram,  m& 

BmtUat^citlon,  31>0,  505                                         H 

^H                 Donal  msflen|«tr7,  frU 

BDMa0^(»ftoetL7O                                             H 
fbnnaticm  of,  h                                               ■ 

^H               iidi»,en^ 

^H                     i««9i^,§03 

Bum«l  organ,  id.                                             ■ 

^^B                 Donial  pancnatla  diTsrtktiliiio,  89S 

BnobrKaoC^                                                   ■ 

^H                 D<»ubte  vlifiMi,  S16 

End^bolbt,  754                                                    H 
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Emdoobnous  Protein  Mxtabousm. 

Endogenous  protein  meUbolism,  604 
End-pUtes,  motorial,  86,  96 
Endooardlao  pressure,  240  et  scq. 
Endocardium,  207 
Endogenous  fibres,  706 
Endolymph,  720,  755,  759 
Endomyuum,  79 
Bndoneurium,  94 
Endothelium,  24 

distinctive  characters,  ib. 

germinating,  ih. 
Energy,  law  of  consen'ation  of,  C14 
Bnglobulins,  581 
Entero-klnase,  508 
EosinophOe  cells,  488 
BpiUast,  21,  842  tt  teq. 

organs  formed  from,  847 
Bpicardlum,  206 
Epicrltic  sensibility,  741 
Epidermis,  585 
Epididymis,  828,  830 
Epigastric  reflex,  682 
Epiglottis,  769,  770 
Bpimysium,  79 
Epinenrlum,  94 
Epithelium,  22 

chemistry  of,  83 

ciliated,  27,  886 

cogged,  82 

columnar,  25 

compound,  22 

cubical,  25 

germinal,  832,  888 

goblet-shaped,  26 

nutrition  of,  88 

pavement,  22 

renal,  546 

simple,  22 

spheroidal,  25 

stratified,  81 

transitional,  80 
Erectile  structures,  circulation  in,  812 
Erection,  818,  691 

cause  of,  ih, 

centre,  690 

influence  of  muscular  tissue  in,  813 
Erepsin,  509 
Brg,264 

Ergograph,  Mosso's,  150 
Erythroblasts,  489 
Erythro-dextrln,  896,  491 
Esbach's  albuminometer,  581 
Ethmoid,  860 

Ethmo-vomerine  plate,  860 
EusUchUn  tube,  056,  752,  760,  879 

function  of,  761 

valve,  871 
Ewald,  "  sound  picture  "  theories  of,  768 
Excitability  of  nerves,  172 

of  tissues,  99 
Exercise,   eflects   on   temperature   of  body, 

610 
Exogenous  fibres,  706 
Exogenous  protein  metabolism,  604 
Expiration,  852 

force  of  expiratorv  act,  859 

influence  on  circulatioD,  850,  859 

mechanism  of,  853 

muscles  concerned  in,  i&. 

relative  duration  of,  855 
External  auditory  meatus,  752 
External  capsule,  666 
External  parietonoccipital  fissure,  674 
External  reapintion,  874 

sphincter  muscle,  542 
Eztraventrkular  nucleus,  665 


Fibres  of  Muller. 

Extremities,  development  of,  857 
Eye,  776 

action  of  drugs  on  pupil,  800 

adaptation  of  vision  at  diflbrent  distances,  792 
et  stq, 

blood-vessels,  788 

causes  of  dilatation  and  contraction  of  pupil, 
801 

chamber!  of,  788 

development,  876 

focus,  789 

optical  apparatus  of,  788 
defects  in,  796 

principal  point,  789 

refractive  media  of,  788, 789 

resemblance  to  camera,  788 
ByebaU,  777 

blood-vessels  of,  788 

electrical  currents  of,  815 

muscles  Influencing  movement,  815 

point  of  rotation,  816 

transverse  and  visual  axis,  816 

various  positions  of,  816 
Eyelids,  776 

development  of,  876 
Eyes,  simultaneous  action  in  vision,  816 

F. 

Face,  development  of,  859 
Facial  nerve,  640,  653 

effects  of  paralysis  of,  658 

origin,  654 

relation  of,  to  expression,  ib. 
Faeces,  composition  of,  584 

quantity  passed,  ib. 
Fallopian  tubes,  836 

development  of,  889 
Falsetto  voice,  772 
Faradisation,  121 
Far-point,  796 
Fasciculus  retroflexus,  651 
Fasciculus  soUtarius,  642, 658 
Fat.    <ije«  Adipose  tissue. 

action  of  bile  on,  522 
of  pancreatic  secretion,  508 

metaoolism  of,  598 

situations  where  found,  48, 44 

uses  of,  46 
Fatigue,  711 

in  nerves,  151 
Fats, 

absorption  of,  582 

acids  of,  897 

action  of  pancreatic  juice  on,  504 

chemical  constitution,  897 

decomposition  products,  898 

emulsiflcation,  899 

ofmOk,  474 

saponification,  899 
Fattv  acids,  897 
Fehllng's  solution,  582 
Female  generative  organs,  832 

pronucleus,  841 
Fenestrated  membrane  of  Henle,  210 
Fenestra  ovalls,  752,  755 

rotunda,  752,  756,  761,  762 
action  of,  762 
Ferment  coagulation,  410 

Ferments,  415.    Set  also  Blood,  Milk,  Digestive 
Juices. 

classification  of,  417 
Fertilisation,  841 
Fibres  of  MtiUer,  772 

of  Bemak,  95 


^^^^^      900                   ^^^^^^^r^^DIB^t^^                               ^^^^^^^H 

^^H                                         FmniM  Of  If  iw%t. 

llbOtMH^AflYHoKAl.  NxmvS.              ^^^| 

^^H               FibrUfl  of  muscle.  SI 

Ftiiil<^u4ielttartof,»47,«ft7                              ^H 

^^m                  orii«rre,93 

Furfimldehjd«,  btl                                               ^H 
Fiirtb,  on  muACIa  proietni,  IM,  IflO                        ^H 

^^H                ribrtn,  422, 41! 

^^H                 fenaol^,  4^,  4m,  im 

Fupdn  erBUUles,  il4                                                 ^^M 

^M 

^m 

^^^H                F1bn>>c!»mi»g9j  &l 

^^H                   elftaaiat^tlmi,  ib. 

G4lmcto»,  394                                                      ^^^H 

^^^H                  d>Bv%}Q[im«ni,  SH 

Gftl^blkddftr,  &1K                                               ^^^^M 

^^H             triiiti9;a 

dovelopmftDt  of,  SfS                                    ^^^^H 

^^M               Fl^utluaa,4l 

structure,  &I8                                                      ^^H 

Gftl^ftntsm,  183                                                         ^H 

^^B                   wli»e.i!^. 

CimlvMometef,  134                                                  ^^1 

^^H                   yvllow,  4S 

Gmmgw,  photoc»phlc  spMtnim  of  Innoilobb        1 

^^^H                Ftck's  aprtng  kjTnogrAph,  'J7t,  2TV 

ftnd  Ita  derivsblvefl,  447,  44» 

^^^l                Flftfa  crmulftl  uervif,  «40,  053 

Ouigila.    Sm  Nervo-ceatxet 

^^H                tlllfonn  p«pniEC  of  tongufl,  744 

srnipiithiitfc,  fbncfelotm  of,  S09,  SOO,  4fl» 

^^B                FUl6t»  64&,  (MS^ 

0  melton  o«l]a,  IftTsr  of,  7B4 
QuiglioQ  apU»l«,  7&I) 
il«Ttoer't  iluet,  fiS6 

^^H                Filtntlon,  H]8,  SIP,  Sm 

^^^H                Fllam  torinlTLftl^,  ^20,  S79 

^^H                 FUieh  Bi-'n  1  Bborntory ,  the  WQf k  In ,  404 

Gm**, 

isitnct(oo  ttoM  l&lood,  af77 

is  blood,  ib. 

^^m               Flechfllg-!}  oiQihod,  705 

in  tho  liinga,  570 

^^B                FlfllMchla  ha^moglDbuiom«t«^,  449,  450 

of  plusiA  *&d  Mram,  428 

^^H               PlMbofaidiEuU,  4T9 

GMtElc  glanda,  408 

^^m             F11ck«r,  80ft,  m 

Uuierrntlan  of,  40ff 

^^^m                Floar  u  ft>od,  4TB 

OutrlajiilCQ,  499 

^^^H                FlouTfPDs'  cxperliDpntj  T2i 

mddfl  Is,  404,  406 

^^H               Fluids,  sw&llowljig,  bsr 

test  fort  400 

^^m              Fluid*,  UOMion  of, 

mctitm  uu  bActorim,  filO 

^^H                  gueiKSMefifg. 

■ctLon  on  food,  408  <«m  &B8) 

^^H               FloorldB  of  atdom.  M 

HTtifldml,  4^& 

^^H              VomJ  HhiUmtui,  7^2 

compos  Itlon  of,  40fi 

^^^H                Fietal  membranea,  S47 

pepaln  of,  493,  496 

^^^H                    dev«lE>piii<mt  of,  8&0 

secretion  or,  405,  409 

^^H                         Fo.-tTlfl, 

Intfueoce  of  neiroiu  xf%Utm  on,  409,  Itft'^^^^H 

^^H                    c^trcQUtltm  !ti,  S«^ 

Gutrtu,  507                                                   ^^^H 

^^^H                    <:atDinriiiicmtloa  with  mother,  tSO 

Ofty-LuAa&c'B  Jaw  for  gmses,  825                     ^H^^^l 

^^H                FolUcI«fl,  OruJkB.    See  OrullKa  foUldvfl. 

G«htichtm] ,  von,  Law  of  S]dp#tAl  ooikdtKSliOl^lf^^H 

^^H                     Food,  470  rt  sfq. 

GelEtin,  S7, 41 L                                                         ^H 

^^^^H                      ab^KtrptloD  of,  &3d  c(  J^'/* 

14  A  cofistltosnt  of  food,  477                                 ^^M 
GsnemtltrB  or^ftDs  of  the  femile,  882                      ^^1 

^^^B                   ftcce8dode«  tot  4S0 

^^^H                  diamleKl  oomtKiiifidj  of,  470 

Of  the  mile,  8.!7                                                  ^H 

^^H                  c<]Oklng,  479 

^^H                   dlgvfltlbnity  of  ftTttclei  of,  470 

Oenital  cord,  8S8                                                       ^H 

dtieU$,  S80                                                                 ^^1 

^^^H                       v&lu4  dependijnt  on,  ib. 

KUndf ,  388                                                               ^^1 

^^^H                   li(iat*vjauQ  of,  910 

G^tto-urhiary  App»ntaji,  dovelopmeiii  «ff  IW  ^^H 

^^^H                    of  mAB ,  4  TO 

^^H 

^^^H                   pro^lmita  pThiclpIss  lu,  47U 

Geuu&d,  linn  of,  070,  703,  727                                  ^^H 

^^H                    VQigi^Uhle,  ib.,  47fl 

Genu  of  lutAmjLl  eaiTsalis  067                         ^^^^^| 

^^^H               Fte«mAti  ovAle,  8641 

(^QTiACb's  oeiirOTki  092                                    ^^^^M 

^^H                  of  Higimdie ,  es^ 

CJenntnftl  nxm,  813                                       ^^^H 

^^H                      of  HUtLTO,  005 

esUs,  B7S,  SflS                                           ^^^^H 

^^H               Fon-biiln,  8Tfi 

flprtheliam,  S3S.  88S                                    ^^^^M 
ridge,  888                                                    ^^^^1 

^^B                FtHQ-gni,  840,  888 

spot,  30,  838                                                ^^^^H 

^^H           ri^rmto  jMHd,  as? 

TBslcJe.  30f  SS8                                              ^^^^^H 
G  LA  tit  coUft,  5^                                                   ^^^^^H 

^^B              Fonax,  Stifi 

^^H               Pooith  ermmliU  t]«rv9,  €40 

CJ  f  1  bfl  rt  'a  «xpflri  mtmts,  715                             ^^^^^^| 

^^H              ¥o^m  Qm\x9MM,  7SS,  Tai,  809 

GLnildes,  organ  of,  S8£                                           ^^H 

^^^H               Foru  hftmlelllptlCB  et  h«mlspber]»,  716 

Glands.    Sef  nstnos  of  dlflsniii&,                            ^^^H 

^^H               Progi, 

GLiaton's  CApaule,  514                                      ^^^^^H 

^^^H                    corputfllfia  of,  480 

Globls,  409,  441                                               ^^^^B 

OIobnlAr  pnxsessds,  S59                                 ^^^^^1 

^^^■i                    n9flJEM  Id,  eSO  rf  iftq. 

Globulfna.  170,  400,  408,  410,  6fl                   ^^^H 

^^H               Franuum't  ILnea,  03 

^^H               FroaliJ  lobfl.  07^ 

Qlomomlf,  f^SO                                               ^^^^H 

^^^1               Fnmt<M»nbell»r  QbfM,  (V5 

activity  of,  657                                          ^^^H 

^^^B                Fiiadns  gUndi,  401,  40B 

Qlfsotoiy,  750                                             ^^^^^1 

GlaMa-kli^i;thetlc  Bire*.,  700,  7if9                 ^^^^^^M 
aJowo-phAtyiigf^ft]  ufure,  041,  050                  ^^^^^1 

^^^H               Fnniliu  of  vye,  804 

^^H                 or  mimty  blidder,  5S1 

comm  antes  ttcma  of,  BH                              ^^^^^^M 

^^^H               Ftuutton}  pApmist  of  tho  lotiinie,  744 
^^^^B               Fomiraliia  euneAtui,  0S9, 044 

fanctloTia,                                                       ^^^^^^^M 

moior  fllAinautA,  &57                                    ^^^^^^| 

^^H                FimlciUiu  snctllB,  eSP,  «44 

1  Dorvfl  of  oonuDon  stti&istiOD  snd  vt  tute,  fft.  ^^H 
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Glottis,  MovBia»TB  of. 

OlottlB,  movements  of,  770  771 
Glnoo-proteins,  412 
Olaoossmlne,  412 
OlQcose, 

in  liver,  524 

test  for,  89C 
Gluteal  retlex,  682 
Glyoerides,  897 
Glycerin  or  Glycerol,  898 
Glycine,  401,  568 
GlycochoUc  acid,  520 
Glycogen,  891,  896,  524,  525 

characters,  896 

destination  of,  525 

preparation,  ib. 

quantity  formed,  ib. 

scarce  of,  524 

rarlation  with  diet,  525 
Glycosuria,  526 

Glycuronlc  acid  and  sugar,  527 
Glyoxylio  acid,  impurity  of,  407 
Gmeltn's  test,  521 
Goblet  cells,  26,  782 
Golgi's  method,  517,  622,  669,  704,  718 
Golfs  column,  628,  626,  629,  689. 644 
Goltz,  experiments  on  the  cerebrum,  726 
Gotch,  experiments  on  nerves,  158, 171 
Gowers'  hiemacytometer,  484,  485 

hemoglobinometer,  449 
Gowers- Haldaae  haBmoglobinometer,  420 
Graafian  foUicles,  882,  889 

formation  and  development  of,  ib.  ti  uq 

relation  of  ovum  to,  888 

rupture  of,  changes  following,  884  et  seq. 
Gradient,  pressure,  281,  867 
Gramme-molecular  solutions,  822 
Grandry,  corpuscles  of,  785 
Granular  layers  of  retina,  785 
Grape-sugar.    Ste  Dextrose. 
Gravity,  influence  of,  on  circulation,  276 
Gr^hant,  output  of  the  heart,  846 
Grev  matter  of  cerebellum,  191,  686,  660 

of  cerebrum,  197,  664 

of  crura  cerebri,  636 

of  medulla  oblongaU,  681,  644,  645,  648 

of  pons  Varolii,  648 

of  spbial  cord,  191,  622 
Groove,  primitive,  842 
Grossmann,  on  the  course  of  the  inhibitory  fibres 

in  mammals,  250 
Growth  of  bone,  64 
Gnanase,  574 
Guanine,  578 
Gubemacular  cord,  888 
Gudden,  von,  bundle  of,  651 
Gullet,  458.    5««  (Esophagus. 
Gunsberg's  reagent,  496 
Gustatory  cells,  745 
Gyrus  fomicatus,  676 

H. 

Hemacytometers,  484,  485, 486 
Hsemadromometer,  Volkmann's,  278 
Hamatachometer,  Cybulski's,  288 

Vierordt's,  ib. 
H»matin,  441 
Hematoblasts,  882,  480 
Htpmatogens  of  cells,  418 
Hiematoidin,  448 
Hamatoporphyrln,  442,  447 
Hsematoscope,  Uerrmann's,  445 
H»m-autograph,  292 
Haunln,  442 
Hsmochromogen,  442 


Hamoglobln,  76,  400,  429,  AiOa  ieq, 
analysis  of,  441 
compounds  of,  448 
crystallisable,  406 
dlstrlbaUoQ,  440 
esUmatiOQ  of,  449 
photographic  spectrum  of,  446 
Hemoglobinometers,  420,  449 
Hnmomobinuria,  paroxysmal,  588 
Hsemdymph  glands,  883 
Htemolyslns,  458 
Hair-cells,  721,  759 
Hair.foUlcles,  588 
Hairs,  588 

structure  of,  ib. 
Haldane's  apparatus  for  estimating  th«  carbonic 
acid  and  aqueous  vapour  given  off  l^  an 
animal,  875 
carbonic  oxide  method  of  estimating  oxygen 
tension  of  arterial  blood,  888 
Haldane  and  Priestley's  method  in  dealing  with 

respiration,  8C2 
Haldane's  measurement  of  air  breathed,  856 
Haldane's  modification  of  Gowers'  haemoglobino* 

meter,  449 
Hamburger's  experiments  with  Snccus  entericus, 

508 
Hamulus,  757 

Hardy,  microscopic  structure  of  cells,  9 
Hare-lip,  cause  of,  859 
Hassall,  concentric  corpuscles  of,  884, 882 
Haversian  canals,  56 
Head,  development  of,  857 
Head  and  UU  folds,  845,  861 
Head's  study  of  nerve  regeneration,  741 
Hearing,  anatomy  of  organ  of,  752  et  seq. 
Influence  of  external  ear  on,  759 

of  middle  ear,  ib. 
physiology  of,  759 
range  of,  762 
See  Sound,  Vibrations,  etc. 
Heart,  TMetuq. 
action  of, 
accelerated,  249 
auricle,  864 
force  of,  244 
frequency,  ib, 
inhibited,  249,  252 
self-steering,  237 
auricles  of,  207,  281 
chambers,  207 

capacity  of,  210 
chonLflB  tnidineee  of,  212 
oolumne  camen  of,  ib, 
conduction  in  the,  258 
course  of  blood  in,  218 
cyde,  281 
development,  864 
endocudiac  pressure,  240 
endocardium,  207,  211 
foBtal,  862 
force,  244 
frog's,  229,  280 
instruments  for  studying,  256 
nerves  of,  250 
ganglia  of,  258 

gaseous  exchanges  during  inhibition,  252 
influence  of  drugs,  ib. 
of  pneumogastric  nerve,  247 
of  sympathetic  nerve,  249 
innervation,  247 
intracardiac  nerves,  252 

pressure,  240 
investing  sac,  206 
muscular  fibres  of,  86 
musculi  papillares,  SI  2 
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Nbrvss. 

Nerrat— eonHniMd 

physiology  of,  161  et  seq, 

pUo-motor,  689 

plezusei  of,  96 

reflex  aotioiis,  168, 198 

secretory,  162 

section  of,  164,  487 

size  of,  94 

splnAL    See  Spinal  nerves. 

spUnclmlc,  stimoUtion  of,  860 

stimaUtlon  of  oat,  164,  860 

stmctore,  91 

sympstbetic,  tnfluenoe  on  heart,  249 

taste,  746 

terminations  of, 
in  corposftles  of  Golgi,  786 
in  corpuscles  of  Orandry,  786 
in.corposcles  of  Herbst,  788 
in  end-bolbs,  784 
in  motorial  end-plates,  95 
in  networks  or  plexaseS2787 
in  Pacinian  corpuscles,  788 
in  touch-corpuscles,  784 

trophic,  162,  824 
Nervous  circles,  678,  686 
Nervous  system, 

cerebro-splnal,  191,  618  et  $eq. 

development,  811  et  seq. 

electrical  variation  in  central,  711 

influence  on  the  heart,  870 

sympathetic,  249 

vaso-motor,  297  et  tea. 
Nervous  tissues,  chemistry  of,  176 

potassium  salts  in,  178 
Neural  crest,  878 
Neurenteric  canal,  848 
Neuroblasts,  872 
Neuroglia,  191,  621 
Neurokeratin,  92, 192.  411 
Neuro-muscular  splnoles,  86,  786 
Neutral  sulphur,  670 
Nicotine,  action  of,  801,  840,  489 
Nlssl's  granules,  196  et  seq.,  714 

significance  of,  200 
Nitric  oxide  hsemoglobtn,  448 
Nitrogen  in  the  blood,  877 

eliminated  in  the  form  of  urea,  470 
Nodal  pohit,  789 
Nodes  of  Ranvier,  92 
Normoblasts,  480 
Nose.    See  8mell. 

development  of,  870 
Notochord,  846,  857,  8<J0 
Nuclear  layers,  785 

sap  or  matrix,  10 
Nuclease,  574 
Nucleic  acid,  412,  4 IS 
Nudein,  11,  412 
Nuclei  pontls,  647 
NndeoU,  10 

Naoleo-proteins,  9,  412,  418 
Nucleus  of  animal  cell,  6,  6, 10  et  $eq. 

chemical  composition,  11 

division,  16 

staining  of,  11 

structure,  ib. 
Nucleus  amblguus,  647,  667 
Nucleus  cuneatus,  044,  047,  672 

gracilis,  ib. 
Nucleus  of  Bechterew,  066 

of  Deiters,  055 
Nyctalopia,  814 
Nympha?,  890 
Nystagmus,  814 
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Oblique  vein  of  Marshall,  866 
Occipital  convolutions,  676 
Occipital  lobe,  676 
Odontoblasta,  68,  70,  72,  78 
Odontogen,  78 
Odoufs,  761.    See  Smell. 
(Esophagus,  development,  879 

structure  of,  458 
Oleaginous  prfaiciples,  897 
Oleic  acid,  898 
Olehi,  44,  897 
Olfactory  bulb,  749,  879 

cells,  748 

depression,  869 

glomeruli,  750 

nerves,  640,  760 

tract,  749 
"  roots  "  of,  ib. 
Olivary  body,/688,  646 
Oliver  s  hs&macytometer,  486 

his  method  of  estimating  haemoglobin,  450 
Omphalo-mesenteric  veins,  860,  862,  866,  867 
Oncograph,  Boy's,  809 
Oncometer,  809,  664 

intestinal,  643 

Boy's,  809,  888 
Oocytes,  882,  885,  886,  889,  840 
Ooffonia,  880,  889 
Ophthalmoscope,  804  et  eeq. 
Opsonins,  455 
Optic  disc,  783 
Optic  nerve,  040,  788 

decussation  of  fibres  in,  819 

development  of,  877 

fibres,  784 

nervous  paths  in,  819 
Optic  thalamus,  006 

vesicle,  primary,  876 
Optical  angle,  791 

apparatus  of  eye,  789 

axis,  791 
defects  in,  790 
Optogram,  818 

Ora  serrata  of  retfaia,  782,  788,  787 
Orang's  brain,  074 
Orbicularis  muscle,  770 
Orbital  sulcus,  077 
Orbito-sphenoids,  860 
Organ  of  Corti,  054,  666 

of  Glraldc's,  885 
Organic  compounds  in  body,  890  et  seq. 
Organised  ferments,  415,  410 
Ornithine,  401,  508 
Osazoiie,  895 
Osmosis,  822 

distinguished  from  diffusion,  406 
Osmotic  pressure,  method  of  estimating,  821,  828- 
827 

calculation  of,  825 

determination  of,  ib. 

of  proteins,  820 

phenomena,  821  et  seq, 

physiological  applications,  826 
Os  orbiculare,  754 
Osseous  labyrinth,  755.    See  Ear. 
Ossicles  of  the  ear,  753 

action  of,  700 
Ossification,  stages  of,  69  et  uq. 
Osteoblasts,  59,  08 
Osteoclasts,  08 
Osteogen,  69 
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Otoliths,  721 
Ovary,  827,  882 
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Plaobita. 

PlMmta— coiKiiitted 

faBtal,860 
Plantar  reflex,  082 

Pleura,  847 
Plexus,  terminal,  787 
of  Auerbach,  97, 464 
glmmer,  experimeota  by,  607 

<Uatr1bution  of,  667 
ftinotlona,  641,  667 
Influenca  on 
<leglutitlon,  687 
gaatric  digestion,  640 

MoretioD,  497 
heart,  247 
lunga  (trophic),  826 
muwsles  of  stomach,  640 
pancreatic  secretion,  606 
resplraUon,  861 
vomiting,  641 
mixed  ftmctioo  of.  667 
origin,  ib, 
Poggendorf 8  rheochord,  180 
Pohl  s  commuutor,  179 
Polar  globules,  840,  841 
Polarimeter,  415 
Polymorpho-nuclear  cells.  482 
Polymorphic  layer,  669 
Polypeptides,  400,  406,  414 
Polysaccharides.  898 
Pons  Varolii,  685,  687 
grey  matter  in,  686 

^^ttt*S»°''''*^^"^°'  *°*^  pancwauc  secre 
Portal  canals,  614 

circulation,  214 

vein,  618,  614.    &«  Lirer. 
Poms  opticus,  788 
Posterolateral  column,  680 
Post-ganglionlc  fibres,  801 

K«n°;iSi^''°"'»^°»-"-"-.^78 

Pregnancy, 

corpus  luteum  of,  884 
Prepyramidal  tract,  629 
Presbyopia,  799 
Presphenoid,  860 
Preeaor  nerves,  808 
Pressure  gradient,  281,  867 
Pressure  head,  282 
l^wure-measurers,  264 
Primary  areas,  707 
Primary  responses  of  eye,  814 
Prtniitive  groove,  848 
^erm  cells,  882 
jugular  veins,  865 
mouth  cavity,  858 

stoSSf  848**"*  °''  Schwann's  sheath,  92 
Processus  gracilU,  768 

vaginalis,  888 
Ejection  fibres,  670 
Pronephric  tubules  and  ducts,  888.  884 
Pronephros,  885  * 

Pronucleus,  female,  840.  841 

male,  841 
Propeptone,  499 
Prosecretin,  606 
Prosencephalon,  686 
Prostate  gland,  662 


Rathki'b  Podch. 

Protamines,  409 
ftotective  inoculation,  461 
Protein-hydrolysis,  414 
ftotein  metabolism,  7,  899.  602 
Proteins,  7,  899 
absorption  of,  630 
action  on  polarised  light.  407 
of  Wood,  428 
elassillcation,  408 
cleavage  products,  899 
coagulated,  408 
colloidal  solution,  406 
colour  reactions,  407 
composition,  899,  400 
coi^ugated,  411 
crystallisation,  406 
ferment  coagulation,  408 
heat  coagulation,  406,  408 
IndiflRisibility  of,  400,  406 
osmotic  pressure  of,  826 
preclpltante  of,  407,  408 
simple,  899 
solubilities,  400,  406 
Proteolytic  ferments,  417 
Proteoses,  400,  414,  499 

characters  of,  499 
Prothrombin,  424 
Proto-albumose,  499 
Protones,  409 

Protopathic  sensations.  741 
Protoplasm,  6,  6,  8 
chemical  structure.  9 
irritability,  16 
movements,  12  et  $eq..  100 
Proto-vertabrsB,  844,  867 
Protrusion  of  eyeball,  816 
Pseudopodia,  18, 16 
Pseudoscope,  822 
Pseudo-stomata,  219 
I    Ptosis,  816 

Ptyalln,  486,  491 
I    Ptyallnogen,  487 
Pulmonary  artery,  868 
Pulsation,  maximal,  292 
Pulse,  anacrotic,  290 
arterial,  28n  et  uq. 
dicrotic,  291 
velocity,  281 
venous,  294,  296 
Purine  bases,  418,  678 
Purkii^e's  cells,  197,  660 
fibres,  89 
figures,  802 
Pyloric  glands,  462,  498 

orifice,  689 
Pyramidal  tracta,  627,  661,  670  et  itq. 
Pyramids,  layer  of,  669 
Pyramids  of  medulla  oblon^tft«  60S 

of  kidney.    8u  Kidney. 
Pyrimidlne  bases,  408 
Pyrrolodlne  derivatives,  408 
Pzibram,  Hans,  theory  of  c'-' 
protoids,  167 
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Quinquand,  output  of  tba 


Racemose  glands,  484 
Ranke's  diet,  611 
Rathke's  pouch,  868 
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Salivary  Olamds. 

Salivary  glands— «onMnited 

stniotTue,  486 
Salkowskl'8  reaction,  622 
Balmine,  409 

Sanderson's  cardiograph,  289 
Sanson's  images,  798 
Santorini's  duct,  882 
Saponification,  899,  606 
Stfcolemma,  80 
Sarcomeres,  88 
Sarcoplasm.Sl 
Sarcosine,  671 
Sarcostyles,  81 
Scala  media,  767 
Scala  tympani,  767,  762 
Scala  vestlbuli,  767,  752 
Scarpa,  ganglion  of,  666 
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Schroder's  experiment,  608 
Schiitz'  law,  601 

Schwann,  white  substance  of,  170 
Scleratogenous  segment,  867 
Sclero-protelns,  410 
Sclerotic,  777,  778 

development  of,  878 
Scotoma,  814 
Scratch  reflex,  687,  688 
Scrotum,  890 
Sebaceous  glands,  689 
Sebum,  689,  690 
Secretin,  606 
Secreting  glands,  481  et  seq. 

classiUcation  of,  488 
Secreting  membranes.    Sef,  Mucous   arul  Serous 

membranes. 
Secretion,  internal,  828 

of  kidney,  660 
pancreas,  606 

reflex,  490 

suprarenal,  8S9 

thyroid,  836 
Secretory  nerves,  162 

of  pancreas,  606 

of  salivarv  glands,  487 
eflect  of  section  of,  487 

of  stomach,  496 

of  sweat  glands,  691 
Segmentation  of  cells,  842 

in  chick,  846 

nucleus,  841 
ovum,  842 
Semen,  880 

spermatozoa,  830 
Semicircular  canals  of  ear,  766 

development  of,  879 

structure,  719  et  uq. 
Semilunar  valves.    See  Heart  valvea. 
Seminiferous  tubules,  828  et  $eq. 
Semipermeable  membranes,  828 
Sensation,  728  ei  $eq. 

conception,  729 

homologous  stimuli,  731 

nerves  of,  162 

pain,  730 

perception,  729 

subjective,  7sl 

Uctile,  718 


SOURD. 

Sense,  organs  of,  development,  878,  879 
Sensori-motor  area,  696,  704 
Sensory  areas  in  cerebral  cortex,  696 
Sensory  impressions,  conduction   of,  by  spinal 
cord,  678 

in  brain,  708  et  seq. 
Sensory  nerve-endmgs  in  muscle,  736  ;  in  skin,  733 
Serous  alveoli,  486 
Serous  membranes,  206  ' 
Serum, 

albumin,  410,  428 

of  blood,  421,  426.  428 

globulin,  410,  428 
Seventh  cerebral  nerve,  640,  668 
Sexual  organs  in  the  female,  832 

in  the  male,  827,  828 
Sherrington, 

observations  on  binocular  flicker,  820 

principal  of  the  common  path,  686 

reciprocal  action  of  antagonistic  muscles,  684 
Shingles,  826 
Side-chain  theorv,  463 
Sighing,  mechanism  of,  866 
Sight.    5e«  Vision. 
Silver  nitrate  reaction  of  cementing  substance, 

34 
Simple  tubular  glands,  488 
Sinus  venosus,  864 
Sinuses  of  Valsalva,  218 
Sixth  cerebral  nerve,  640,  662 
Skeletal  muscles.  79 
Skin,  686 

absorption  by,  690 

dermis,  687 

diseases,  698 

epidermis  of,  686 

functions  of,  690 

nerve  endings  in,  788 

papillse  of,  687 

respiration,  690 

rete  mucosum  of,  686 

sebaceous  glands  of,  689 

secretions,  690 

sensory  nerves  of,  360 

sweat,  690,  692 

sweat-glands,  689 

varnishing  the,  698 

SmSl  intestine,  468  et  teq.    S^  Intestines. 
Smell,  sense  of,  748  (ue  708) 

anatomy  of  regions,  748 

delicacy  of  sense  of,  761 

tests  for,  760  ,     ^ ._ 

varies  to  dllTerent  animals,  74» 
Smith,  Loirato,  <^'boni«J>^de  m^od^  ^^^ 

Smith's  perimeter.  Priestly,  80© 

Sneezing,  mechanism  of,  864 

Snoring,  mechanism  of,  866 

Soap, 899 

Sobbing.  866  ^    ^,, 

Sodium  chloride  method,  4l»     .  -  ._ 

Solitary  glands.    See  Peyer  s  P»^/»«*- 

Solutions,  gramme-molecolar,  s-^^ 

Somatic  mesoblast,  847 

Somatopleur,  844,  861  o,^ 

Somites,  mesoblastic,  844,  ^^^^^nicated  in  ear. 

Sonorous  vibrations,  how  corow 

769  et  seq.  f.     Hound. 

to  air  and  in  water,  700.     S^e  "ouu 
Sorbite,  392 
Sorefs  band,  447 
Sound, 

conduction  by  ear,  759 

heart,  284 
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^^^H            Sf^icu  of  KouUnm,  7B2 
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^^^H            Speiklng^  m^ch&TiiBm  of,  718 
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^^^M             Bp«ci&l  aentfia,  7^  it  wf}. 

^^^H           ^ttcJdc;  Dftfi^fl  ftUN^,  liw  ofi  713 

^^H           g^troscope,  444  ct  teq. 

Spot,  gDrmlnal,  S96                                      ^^^^H 

^^mt          Speech,  764  «(  «ctj,,  TTS 
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^^^H            SpoTmfttozoa,  B37,  SaO,  S6l 
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^^H             S^lMim-p:i]iitlne  gftD^lloB,  t&G 
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Staapflln,  503                                                      ^^^^H 
3t«arlc  ftcid,  sm                                              ^^^H 

^^m           Spinal  AccuKuy  nwve,  «41 ,  (t&T 

StAaru),  44,  2i»T                                                  ^^^^M 
aHnLtolylia  ferm«iiLa,  417                                 ^^^^H 
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«xpQrtm«at3  qd  tb*  clrcnlaUoQ  of  tha  Uood,         J 

m                                                         ^^J 

^^^^H               c^lumtLq  of,  ii^l 

on  moKle  prot«lni,  100                                    ^^H 

^^^H               comfnifiiTurefl  of,  090 

on  tbe  output  of  lbeb«art.  340                       ,^H 

^^^H              oanduGtloa  of  ImpTBusImii  by,  078  fi  Kq, 

Bb«jyrflT  on  paramyosloogm,  1&7                        ^^^^H 

^^^^^M              ooiino  of  Atnin  in,  49S5 

Stimulation  fatlgn»,  IDS                                      ^^^^H 
Stimuli,  varietlfifl  of,  1&,  103                              ^^^^B 

^^^H               fiuQTH  ud  fUrrow<  of,  ^SO 

^^^H               functfCTOt  ofj  OTS  e£  teg. 

Btokea'  zugsnt,  444                                                            1 

^^^H                  of  col  u  mi]  A^  d*^7 

^^H               pey  mat&or*  101, 63a.  fiSl 

S4&                                                                 *               ■ 

^^m             btmlBOctlim,  flSl,  678 

Stomacli,  460                                                               ^^M 

blood-TftemU,  409                                                   ^^M 

^^H                iDlMiim  of,  e7S,  OBI 

dlgntlon  In,  500,  MB                                     ^^^^M 

^^^l               mea)br»7)«i  of,  018 

^^H              morbid  LrriUbUlty  of,  mi 

gianda,  401                                                   ^^^^| 

^^^H              aarvia  of,  e2h 

lympbatlc^i  4ftS                                               ^^^^H 

^^^H               nti&x  Action  of,  080  fl  Hij, 

move  in  en  tA,  CSS                                              ^^^^^1 

^^^m               UihLbitton  of,  mi 

lurlEicnrc  of  nervous  i^ystdm  On,  54Q           ^^^^^M 

^^H                  111  f^,  mi 

muGOUA  oietDbrane,  460                                 ^^^^^M 

^^^H                     to  mAn,  093 

muftcultr  coat,  ib.                                        ^^^^^H 

^^^H                          ffupArfioUa,  ib. 

nedTin,  40S                                                 ^^^^M 

^^^H              regloiu  of,  oai 

peHton^l  coat,  460                                        ^^^^H 

^^H               ipectal  (amtrea  In ,  ODO 

aecntlonof.    Sm  Gaiferio  Julias.                    ^^^^1 

^^^H              atTucturfl  of,  020  ^t  ftq.,  STl 

ihidow  photognplu  of,  &B9                          ^^^^^M 

^^H              tr««U,  611,  6^7,  tm 

aubmucoiLka  coat,  4G0                                     ^^^^^^H 

^^H             trao«T«EWB  •ectioD  of,  Q&J 

itrueture,  ib.                                                  ^^^^^M 

^^H               wlilto  nuUer,  1 91 ,  021 

Stomadit^um,  B58                                                ^^^^H 

^^H                    tnot«  In,  €SS 

Stotoata,  2&                                                      ^^^^M 

^^^H            SptOAJ  nerv^,  leS 

atiatum  graaitloaom,  586                              ^^^^^H 

^^^H               fmictioiiJi  of  TOoU  of j  166 

hitflnBedtum  of  naimovftr,  lH                      ^^^^^^H 

^^H               origin  of,  1  m  U  *eq. 

lueldun^,  590                                                ^^^^^M 

^^^H               pliyilolDgy  of,  l«S 
^^^H             Qplnil  Tiscaral  ns»6it«t,  000 

Eitrlatftd  border,  465  (<r#  a5'2T)                            ^^^H 

^^^H           Splnl  canal  of  Aar,  750 

Striafefld  muAclfl,  81  «(  atq.    5e«  JduMja.           ^^^H 

^^H            Spiral  ganglion,  7h9 

St2iat«af«ft«73T                                             ^^^H 

^^H           Spiral  IlgKtocot  of  e«.r,  757 

StC0Ba.4SB                                                         ^^^H 

Sfeitvnmhr,  I^dwl|V271                                ^^^H 
Tl«0»tfldt-i,  S80,  i8l                                   ^^^^H 

^^^B            Splffim,  17 

^^^l             Sblf  omeUir,  357 

atruQtnfii  of  e«lU|  9  fi  ir^,                            ^^^^H 

^^H           BpUOietmoplefor,  BU 

Stnart'ft  kym«copi?,  208                                 ^^^^^H 

Btnrln^,  40<.)                                                      ^^^^M 

^^^M             appaxattu  for  iplenlc  tmrrm,  U^ 

Sty  lo-b  y  otd  ll^m  etit«,  S61                             ^^^^H 

^^^m             ^vtloptamU  S89 

Stylo^pbarjTigcui,  «56                                                         ■ 
SuhmnxllUry  gland  of  dog,  4S0                                          | 

^^^H              fciuctiaEiH,  33  L 

^^^H              InHuerncfl  of  norTona  lyatttn  upon,  ISS 

BubmBiillary  and   fub^b^gnal  Bl>&da,  4ai«   Mfl,  J 

^^m              Ualpigblan  corpaadiss  of,  &81 

BSl                                                                         ^H 
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SabmaxilUry  ganglion,  487 

Sabstantia  gelatinosa  of  RolaDdo,  023,  044, 040 

nigra,  650,  651 
Sabthalamic  area,  060 
Saccagogaea,  498 
Succua  entericua,  507,  508,  600 

fOnctiona  of,  507 
Sucroaea,  898 

Bagar.    8u  Dextrose,  Lactose,  etc. 
8u^,  678-675 
Solphates  in  urine,  575 
Snmmation-tones,  762 
Superflolal  reflexes,  682 

Superior  laryngeal  nerve,  effects  of  atlaralatloB 
of  cut,  860 

olivaiy  nacleua,  647 

parietal  convolution,  676 
Bupra-renal  capsules,  888 

development,  890  (see  840) 

function,  889 

structure,  888 
SwaUowing,  586 

centre,  587 

fluids,  ib. 

nerves  ensaged,  ib, 
Sweat-glanda.    See  Skin. 
Swim-bladder  of  flahes,  880 
Sylvius,  fissure  of,  674,  876 
Sympathetic  secretion,  489 
Symphysis  of  jaw,  861 
Synovial  fluid,  secretion  of,  482 

membranes,  ib. 
Syntonin,  414 
Syringomyelia,  679 

^stemic  circulation,  214.    8u  CixenlstloD. 
Systole  of  heart,  281 
Systolic  preasure,  292 


Tache  cerebrate,  810 
Tactile  end-organs,  788 

discs,  787 

senaibillty,  704,  787 
variationa  in,  789 
Talbot's  law,  804 
Tapetum  lucidum,  804 
Tarsus,  776 
Taate,  sense  of  (see  708) 

classification  of,  746 

connection  with  smell,  748 

delicacy  of,  747 

nerves  of,  745 
Taste-buds,  ib. 
Taurine,  520 
Taurocholic  add,  ib. 
Taxis,  positive  and  negative,  16 
Teeth,  64 

development,  71 

eruption,  times  of,  66 

structure,  67  et  seq. 

temporary  and  permanent,  66  et  $eq. 
Tegmental  nucleus,  649 
Tegmentum,  649,  650 
Telencephalon,  686,  875 
Temperature,  609 

average  of  body,  ib. 

changes  of,  efiects,  609  et  eeq. 

clrcumatanoes  modUying,  014 

efltet  on  muscular  conteaotlon,  118 

of  cold-blooded  and  warm-Uooded 
609 

tai  diaeaae,  610 


Trachsa. 

Temperature— «)n«nit€d 

losaof,614,  615 

maintenance  of,  600 

of  Mammalia,  birda,  etc.,  ib. 

ragulatlon  of,  616  et  $eq. 

sensation  of  variation  of,  789.    Su  Heat. 
Tempoio-oooipttal  oerabeUar  fibres,  060 
Temporo-spbenoidal  lobe,  076 
Tendon-reffezaa,  088, 064 
Tenaion,  arterial,  in  aaphyxla,  888 
Tensor  palati  muacle,  760 

tympanl  muacle,  764, 701 
action  of,  760 
Terminal  areaa,  709,  710 
TeaUcle,  827,  828 

development,  888 

descent  of,  ib. 

structure,  827  et  seq. 
Tetanus,  121  (see  141) 

Bitter's,  186 

volunti^,  122, 159 
Thalamencephalon,  686 
Thalaml  optlci,  665 
Thetne,  480 
Theobromine,  ib. 

Thoma-Zeiss  hemacytometer,  486, 480 
Thoracic  duct,  77,  228 

innervation  of,  818 
Throat  deafhess,  760 

ventricle,  766 
Thrombin,  428 
Thrombogsn,  424 
Thrombokinase,  424 
Thymine,  408 
Thvmus  gluid,  884 

development,  882 

efbcts  of  removal,  835 

ftmction,  ib. 

structure,  884 
Thyro-arytenoid  muaela,  707 
Thyro-epiglottldean  muscle,  707 
Thyroid  cartilage,  704 
Thyroid  gland,  886 

development,  882 

function,  880 

structure,  885 
Thyro-iodln.  887 

effect  of  intravenoua  ix^ectlon  of,  on   blood- 
pressure,  887,  841 
Tigerstedt,  measurement  of  the  heart's  output, 
245 

Stromuhr,  280,  281 
Timbre  of  voice,  759,  772 
Tissue-erepsin,  681,  574 
Tissue-iespiratlon,  874,  884 
Tongue,  748 

action  in  deglutition,  580 

epithelium  olF,  745 

muacles  of,  748 

papUln  of,  748 

parte  moat  sensitive  to  taate,  745 

structure  of,  748 
Tonometer,  Boy's,  257 
Tonsils,  458 
Tonus,  180,  100,  064 
Topfbr's  test,  496 
Touch,  788  et  seq. 

muscular  sense,  742 

sense  of  locality,  787 
of  pressure,  789 
of  temperature,  789 

tactile  end  organs,  788 
Touch-corpusclee,  784 
Toxin,  452 

Trabecule  cranil,  860 
Trachea,  848, 882 
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Urintry  bladcJer,  551                                            ^^^^H 
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■                   Trupeziiim,  tbe,  ^47 

n^Tvm,  551                                                           ^^^^^H 

■                    Tr»tibC'H Bring  curvta,  SOS,  804,  S5& 
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^^           TiiaoeUa^d^a 

Urinary  deposlta,  ^78  H  wg.                              ^^^^H 

^^B           TztoaspM  vmlYfl,  211 
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^^B            TTlgaiQltiAl  tarn,  MO,  653 
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cbeiQioa!  BDdlmeintfl  tii,  580                              ^^^^H 
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expulsfonj  561                                                     ^^^^^1 
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■^                             VAftCUlOftA,  7SQ 

mark  alkaline  by  <Uat,  i^>                          ^^^^H 
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■                      mentbraiie  of,  T5S,  7££ 
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H                      Btru^tofe,  753 

teats  for  iMttmatiiig,  589                             ^^^^B 
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■                    cord,  i4a,  ad£ 
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■                  VbUtmiliu  UutodAiin,  S42 

■                 Unipolar  Qtry«-o«lli,  IBS 

irona  Ilji»m«nt  of,  888                                 ^^^^H 

■                 Unorg&maod  tmamxtBt  417 

atmotcif«,  886                                              ^^^H 

■  Ummla.  560 

■  Uubo  oriodlnm,  hl^ 

Utflrui  maiGuUanSj  BS7                                      ^^^^^H 

Utrlde,  756                                                       ^^^H 

M                 Umtca ,  depost  I  of.  57ft 

i;v«a,781                                                          ^^^H 
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^^^^^^^H 

^^                    attparatui  for  eiitiaiating  iiuantlt;,  5M 
^^^^              cfiEimtcal  compfSBltlon  of,  dH 

^^^^^^H 

^^^^^^^H 
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^^^1 

^^H            formation  of,  by  Hver,  &U,m 

^^^            laomorlc  witli  trnmotuiim  cyaaabo,  564 

^^^^^^^H 

■                     qMHUty,  5^7 

Yacebiation ,  45 1                                                  ^^^^M 

■                  tTrtttem,  545,  tm,  855 

Vigliia,  827                                                             ^^^H 

■                  Untbrap  545.  561,  87^,  8^ 

Vagina,  development  of,  887                                 ^^^^^H 

■                 Una  acidp  571 

Va^Hyaipatbotk  of  th«,  248                              ^^^^M 

■                     c^ntlltlon  la  whicb  1%  exlits  ^n  ntbub,  574 

Vagus  (»cap<^,  240                                             ^^^^^H 

^^_              deposit  of,  576 

^^m           roTou  la  whtd)  It  11  deposited,  5n,  ST« 
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Valsalva's  Bxpemmbnt. 

Valsalva's  experiment,  870  - 

Valves  of  heart,  211.    Sr«  Heart. 

Valvule  conniventes,  464 

Vasa  aberrantia,  885 

Vas  deferens,  828,  880 

Vasa  efferentia  of  testicle,  828,  880 

Vasa  vasomm,  216 

Vascular  system,  development  of  j  861 

in  asphyxia,  870 
Vaso-constrictor  nerves,  299 
Vaso-dllator  nerves,  800,  806,  488 
Vaso-motor  nerves, 

distribution  of,  298 

eflGsct  of  section,  298  ei  $eq, 

experiments  on.  806 

Intiuence  upon  blood-pressure,  808 

of  the  liver,  628 

stimulation  fktigue,  168 
Vaso-motor  nerve-centres,  297,  690 

nervous  svstem,  297  et  teq. 

reflex  action,  808 
Vegetables  as  food,  470,  479,  480 
VegeUUe  ceUs,  6,  6 

protoplasmic  movement  in,  18, 14 
Veins,  216 

allantoic,  865 

azyeos,  867 
,    cardinal,  865 

circulation  In,  295  et  seq. 
velocttv  of,  286 

collateral  circulation  In,  217 

development,  865 

distribution,  216 

hepatic,  807 

iliac,  865,  867 

innominate,  866 

intercostal,  867 

jugular,  865,  866 

lumbar,  867 

omphalo-mesenteric,  860,  862,  866,  867 

pulmonary,  868 

pressure  in,  278 

rhythmical  action  in,  296 

structure  of,  217 
-     subclavian,  866 

umbilical,  866,  865 

valves  of,  218  et  seq. 
Velocity  head,  282 

pulse,  281 
Velocity  of  blood  In  arteries,  278 
in  capillaries,  280 
In  veins,  ib. 

of  circulation,  ib. 

of  ferment  action,  500,  501,  504 

of  nervous  impulse,  172 
Vena  azygos,  867 
Vena  cava,  867,  868 
VeniB  advehentes,  867 

revehentes,  807 
Ventilation,  889 
Ventral  cerebellar  tract,  680 
Ventral  hepato-pancreatic  diverticulum,  882 
Ventral  vessels,  862 
Ventricles  of  heart.    5ee  Heart. 
Ventricular  diastole,  282 

systole,  ib. 
Veratrlne,  eflbct  of,  on   muscular  contraction, 

118 
Vermicular  movement  of  intestines,  541 
Vernon,  heat  rigor  experiment,  157 

on  tissue-erepsin,  581 

pancreatic  secretion,  6f7, 608 
Vertebrae,  development  of,  856 
Vervom,  Max,  strychnine  and  fktlgue,  158 
Vesicle,  germmal,  20,  826 
Vesiculn  semlnales,  880 
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Vestibular  nerve,  G40 

Vestibule  of  osseous  internal  ear,  755 

Vibrations,  conveyance  of,  to  auditory  nerve,  750 

etteq, 
Vierordt's  huftmatachometer,  288 
VUli  In  chorion,  ftinctlon  of,  848,  849,  854 

of  intestines,  466 
Vincent,  Swale,  muscle  proteins,  160 
Visceral  clefts  and  arches,  development  of,  858 
etgeq. 

connection  with  cranial  nerves,  861 
Visceral  mesoblast,  848 

pain,  741,  742 
Vision,  776 

angle  of,  791 

at  dlf&rent  distances,  adaptation  of  eye  to,  792 
etieq, 

correction  of  aberration,  798  et  $tq. 
of  inversion  of  Image,  820 

defects  of,  796  et  seq. 

distinctness,  how  secured,  822  et  seq. 

duration  of  sensation  in,  808 

estimation  of  the  size  and  form  of  ol^ects,  820- 
822 

focal  distance  of,  792 

impaired  by  lesion  of  fifth  nerve,  824 

range,  795 

relation  of  nerve>cells  and  fibres,  820 

single,  with  two  eyes,  816  et  seq. 
Visual  area,  708 

axis,  791,  816 

judgments,  820  et  seq. 

plane,  817 

purple,  786,  818,  814 

sensations,  808 

word-centre,  708 
Visuo-psychio  region,  708 
Visuo-sensory  cortex,  708 
Vital  action,  826 
ViteUln,  411 
ViteUine  duct,  880 

membrane,  20,  886 

spheres,  886 
Vltello-intestinal  duct,  846 
Vitreous  humour,  778,  788 
Vocal  cords,  764,  769 

action  In  respiratory  actions,  770 

approximation   of,  effect  on   height   of  note, 
771 

vibrations  of,  cause  voice,  771,  772 
Voice,  764  et  seq.,  771 

range  of,  772 
Volt's  diet,  471,  608,  604 
Volition,  729 

Volkmann's  hsmadromometer,  278 
Voluntary  muscle,  79  et  seq. 

nerves  of,  86 
Voluntary  tetanus,  122, 159 
Vomer,  860 
Vomiting,  640 

action  of  stomach  in,  ib. 

centre,  541 

nerve  actions  in,  ib. 

voluntary  and  acquired,  ib. 
Vowels^and  consonants,  778,  774 
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Waldeyer,  stages  of  karyoklnesis,  17  et  seq. 
Wallerian  degeneration  method,  164, 169, 028,  714, 
824,  826 
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